


ISP203A - Global Change 
Feedback Loops 

Members Present: 
A41qBI.t IUD 
A"lOn'0'i'j'2. 0 
1\'-\ 

Part 2: Group Work 
Make sure everyone in your group understands these terms 

. A 41'11'7 He: 
mOVing on. 

1. Positive feedback: 
One actj on ((wse.:; (!It NI:/Ct! (fC!uron -to O([tf'(, 

2. Negative feedback: 

OrK UIJi!W' raU\{~ 11\L n~I)tJSft-{ V{ClCt{on to ('LLVL 

Questions 
A:... Why is cloud cover considered a negative feedback loop in a warming climate? 

,flu ((IIJVt Cloud (OVU trur~ is,il'lt If5S ('YU';'~'1 fYt,rt\ '\nL Lun 
1$ CLiIIrW to be (;1.b6~Yb-(tI blJ '/1'1-1 [cw'lh's S\)Y{Cllt. -rhiJ CltIJ(-(f 

·t\) y" [( lj C'Ij t V Clil (Ord eye Ii"h1fvl c., . 
B. Which specific step makes this a negative feedback loop? 

7711 I VI [ V eel ~f cf (XY11Jf)(fYl-l of (/ ~U r( ((J W r CCW Sf J trw /;: 
fVLLVCj'l vJ{lfCker 01'1£1 a (Uid.rv C/(1'Yt.Mt-L-,,- rl117V.f (fIN(", 
cooler C\I'nV'~1.f ' 

C, Howmight cloud cover produce a positive feedback? 

[AJCl1tV VCtp(lY i1MIf IS CL 0V~e/I"lLTUZC Be,s IA) hlCh '/ncp5 

{)I;t\f.l. vita i nS VrCl-l. lVu rlfl D v tel uur{ [(hi t r 11\ fYO (! vu,.,·r, I Ii ( 
v\)[\ vml v ., Hx tll·\"rulr~. ' 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

ThiS would Ix n Few fir' fpectl:Ja(!(!ou~. lln.: U [;rcrr:fc 
iYu \t:s.s gwciW5 [lntl i (fc:,lCC':: ,tile i ~ (t, Crnr;,1\f 1'(;;nnunl 
Of-\1u &U~~f.'i\(·i (H til,' i5 U(1N-IIIcl 01':(1 [1 c(~i;.1; (I h ,(I,m 
1\1 i"" {"li","· .J,.,.", ,"0 '" ," It, .l" " ",,' ·,c'" "/",, 
"1 ,1<.', U'J" '0 {' V" r ~; 'If -11, H ','f i,," rl. \ h, ",,' '/;.,0 (, 'i, f ' ,f<,',/,,' !, J' ',' '.' r i, ,c Ii 1f! I' u t", ~ ~ ", , - - ,_ . V ..... v .. 'J 1 It, ,,',._ ,~, . 7 • , .. 1,:,1--

111\1'['1 ((Il)I{' 1\) , r I " ' I ,,:n 
l)\J Lv "'{,,} ,\;,1,""\0.\,\' {C~,ri'lr)i1!'lt N l"/,(r!'! '{'!i'e"," 1\".r~!J(I !",:l',n 
\Mf . ' ." u,·"" ,j.. I,,' ,,' """', ,. "" ' ,", " , 

HtJ\~. r~ ),~.,r~\I':V11'·<,/ J -/ "'~-' c' , • [II" '\ r ' ''''J ef, "'01.:'''''' (('ib'llt») !1Pj IT W\'llC!l1 If tit .r T J n 
CL\I.!R \\\0/.1 L)IUr v t! tlV;:t!' iU {((p'L; :"1 H'. 



ISP203A - Global Change 
Feedback Loop§. 

",~,':':'!;'~' .. '" .:.J , .. ,,> , 

( 
On the diagr~~~-[a"),1I!sert arro~s to complete the feedback loops and b). label the 
~~~~:.ack 10~pgW~V:~~d positive. MORE than one arrow may go to a smgle 

START 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

As Cl mul+ 0+ mUte tA111'lD0pRln'C VU{.t·II(\~ fl;tLn IS ,_ 
OVl t'Clvt \f.V SnDWI'\\/ Ii IA)\'linl InLnCi5rS So/UIJ qlf\JUJlI'1. 
TIF '((WW€ ocrulJ q~llvV1YI ·ttrll. r{ (S I tVLL h10Vl (Ot IS atJ5/Jrj)(e/ 
in ~VVIV]{J ?Y101lJ&\11Ttl1lSI~ lJJI1JrJ W IJ,SCS -(1)( Ci elf oI'Clfgcl V'Clt-e 
otfX(unhD1JkS gC(8CS WHiGV/ (eWteS (;:)1 ('( (oo/tv Ctfr¥lr)SplUrt·, A CDD~ 

F. Pic~a positive feeaback loop and explain how it moves the system away from atl'YlOS.fjY\HJ 
equIlibrium.. CouIl\efClC l( 
fu Irss sen IU W\l£f5 ~crw~cCr G\\\'}eet ovUhi(Vl ~III aWl t\IV. W(.W111 
it\( MDYQ ~nHCJ~ f:yotn

r 
tV11 GUY] tv iie C{ tJGU Vl;cd cttmcsR1"Ltt 

V~ ths [CHill S G0YtU It Wni'C(fJ CCP)Sf::- 111to Yl ttl (eC,\CV1
r

( 

Cl rml)sp If\}, 1:i'C. )'\1 ~l tl{\{l' Ii'U 111OV" tl rnJj ~ nnnul eql./I (lin ,I 
tvu \\iI)VI '\'.\1 1'101\/( IV\.!4 (;\11'(1\)$'\)\'\) t, { l1'(rCnV5. .............. '-=----, 
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ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

l' (\lCAf) . .from OCCUlnj 

~ 
MOve lOW CIOU (X! 

~(O\bQct 

r f-f I fC-1[ /-.L-----
morl flAlI\iqh-t 
\j)..C~ I n-lO spac( 

[lAr-l"Vtc 1" 
ff m p. \-J,.-
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts (().JbOn (AiUX-/(jl( 7' mC-+nCln ~ 
-1-crying rulfOfrGl ,·n U\+(flOrph'0n 

Other babies wake up + ~fvnperClAlArc 

Other babies start crying -t ~rr,()fA.{ rOJ) -thavv 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

G\ V Cal hO(J Yf CjQf CrAUN 
Babies are crying If' temp. 

Nurse feeds hungry baby 
WIAJffiinCi ceLLA-P( evGtp. 

7 l' ClO(AQ CoVt I.r 
Hungry baby stops crying 

Other babies stop crying 

I n CrfCitS,' ng CO 'l-

\J \N fGl ~ IN elY rfI ,. f") g 
~ 

l'CI(MO\J In 
\l;-S"lU1 I(G\ h+ If) 

2 ':J, eV()f'l wfa ~ e Ir 
V\; ClV m '"n 9 
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ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

GROUP#: Z 
Student IDs of Members Present: 

&\42087(00 I A 401'-lICf ~o 
A4-3lt~/g-~3 

Make sure everyone in your 9.!"?J-lJ). understands these terms before moving on. 
1. Positive feedback: Cho,(lvn CUtuf reI {1M -t her Cho.ng f 

in rvr+rm-' ncrrcurs overCtl1 Ch6iOqC 
2. Negative feedback: oeOOflff rr(JfO, on [IOffr 70 Cc,ul/,·bnurn. 
Que:i}?sR-XJ~(A~ff o-r chCtnlJC J In JyS't(m. 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

CIOlAo1 [OVer K('(Pj" nIl' ,n -l-fmpertJ1--1-urt 
[/owcot,IO .fhtYT ,-revery,fIr chanq-C.or warmIng 

B. Whicto~ia stCOmvcr tn qeSlXnfJdbrO:Vf 

C. How might cloud cover produce a positive feedback? 

There {f morc Of -Ihf' riccrtt)Pf ,n 
..j em pcvO--f ()Yf. 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

POSJVllt. 4s. c; I etC; US iCE- )L,dls aJc V I I 

telV\~-V'c~\J1\ I /e.rr SOI11'0~~ GVOiJl c G{ 

Pe G~Sc'r'6~i cv,'! co.,"Jr~J )" L\{'c~ 
I 

(r\\)J',l,,\O \',A-,n ""/" V\ V ' ... ~,,! "-' JV"" ,~\'\t j , 
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ISP203A - Global Change 
Feedback Loops 

On the diagram below. a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

... ",,~~, 

j 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

CtA vt~ l'€.fs S"e.o- doe ""k,c.l, ,\'-\e"",.s t V\(Nc.,.rC,~ 

wt..'v\" Jecre~ e..,\J""~ Of'C~'l~\, 

II {}- ["0, j. 0-; (.., 
c J\ teL- 1~""Js 1·" '"""crt c I OI.lJs 

c,~J<"';j i\- C 00 11'.r 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

4 

d eue"'J~ 0\ I\'o~ 0 

"'Nt hecS'lj. 
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ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 
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ISP203A - Global Change 
Feedback Loops 

Objectives -----". 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 

---------------- --- --

• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work . '2.. 
The first example is a positive feedback system. J 
Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 9J,R~ olio f)(J CIt' {lid tr;r>/ht,ll7f' f((4t'tUrd Jnlo 

crying . (l om!:!I!/)(lj{&.&!(-(Jl7h:7dJ~J (l(!tiJ(}J 
In(',t!t!) tr/(J/(!h///j'. 

Other babies wake up 
g;)f>Kfl{jj& J -if.mp l{-()-(v.(;11W1$6 mdlr 
pal!l7Y/17m; om/ w/r:>tVC'J 1m ) oJ;VI. 

Other babies start crying 
'lj-N<"t1J('Y/!:: /h;t~t1/ ;;::ma-ljttUi. 

7iJ (nLIJ(lJ 1/J;tJf!(I. :/ ~4j(U -Ie J/7('/!1'!ir 
IAnltlnJrr /J)! mt?l:t1. 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Babies are crying 
:1lirl/f'{))Yld CO,? {'jt' (lII)(IR W?J/n:;;:; 1i?l!tl6'II(1(1 
OffPflh('UJ&/o f'tlWf' inr'/lf'f./}' Li){f)'I)),o/. 

Nurse feeds hungry baby 
1Jmi: [(/{!!m;;,/ZJ/:lln;:;:t (fJLlJ'tIJ (lV()/?(,/"jm 
~-)rd InN('(I (\ '(ILld (k ~ 

Hungry baby stops crying 
:117!'tf'tUtle (I/('I.df' 1(1(r~) /pj; jlll)/;;ht OruJ 
('tlU6't /; o(b )un/;) /; m/U/iy J('j'J Wti//rJ/t1). 

Other babies stop crying 
E'i/(.1/J iUfJkflK hl(Jt2~ (Y/ald.('cIlr~K fJIN.JO 
jUnl,)' ) J {(JLtJ/r;J V:" Lv()JI/J'Y' 

2 



ISP203A - Global Change 
Feedback Loops 

-------

GRoup#:3 
Sw,dent IDs of Members Present: 
X}L-IS20& ft'13 

Part 2: Group Work -H,d-
Make sure everyone in your group understands ttiese terms before moving on. 
1. Positive feedback: f) r>Aon!)(J //1 !!?1.)fjJ!t;rn'!triUNj 'Ji,1c:!h;I(:' {'!,:;pf}fJJ 1/1 h 

JljJ-jpfJY'JV,J(lh(-/h:Jf/.J{Jlne (t11'n)?t'mJri )i7/171! N.Jjfw'm /n('I{?,tlYiJJ 
t/v!1L411 45 1h"~L,m ./ 

2. Negative feedback: -;) f'/;/lIJ//f 1/1 -;;; )'JP~'/rfr/J!l(I./t1J o~ typ'JIH ;f/'.g:/1?7J'C' j) .. 
;/h", .1p/tJ/n JVrrh /6t,f#P/, Jif/.J/;iW) /.;' ",hYf1'A: /0 tYt;/~h;wl?, 

. "71 47/;/1 t:ft:.M/'4J(-I 1/)/ .1;7f' £/" /1;1 r>/x~'?3 1J1r:J,tIn Ih ;1;;11 
Questions '!yWI'», ./ 

A. Why is cloud cover consid~red a negative feedback l.oop in a warming climate? 
{Ypuc/ (tll;i'J;[ ij flms/{!£I,(rd {} fJ7!t;f'-~V11 i-wI/bid /acp It?-Q b-OJ://JI/Jtj 
(l/Imtr/;; ~tI fIJP/}/I'(JJ7/>:"£i!(1 ffI~/IY')(j<'(If(l ()?;' mrf;' flf; 1/l'J! 1#('V!Ld(lf 
/TJrI,(II ,4V/!/7f'£t7wrn 1t./l-flCI? !(~O TC fl/? II7f')'mJ~ <17 ' '~)yj(.l/)J'I1. 7RPh [JJ /.i/II 
OY'{ln Inf')(MJO i/7 (,1/t'I.,(1/ (1Iftl6K. 7'f0r {J/outY (ltlVl'lt LV/// r;,1l"Nl Jlm)//),.I; f't)wtJ If/f) fA/til 

B. Which specific stel2 makes;this a negative feedback loop? I. 'IL J , 
'9J); Jf7iOI/)(, J!71"p.JA: m:1kf;7.1 Air :J ,*d};r:J(:} IOtp IJ ffJt' Yli'p It? t"~/t'A 
dcl.J(/ ('(WIle ~/b{'.J(j .)tI/J/;),AJ tl.;/)!('h (1r:UJtJ1J ft;.Jf M)!/njm,9A< 'Iff /Jr.) 
-flr!!;'I'; !(il) {017/(/)')Jijj'MIp Ii ;J// ;rr;W"fJ)tf //} (i,fU& ,;"('1"',1(' 6Ir(l}IJ?;7 flll//;/~/ 
) j(ltC! -Ihd !h )t;Yll'n, IJ jy;WI':J 817 OJ..l/~'lJfri ./t"JjJf't;;'!ljJIIJI;/!} !/JO!;J#'J?I d'a. 

C. H~W ml,9ht cloud cover p,roduce a pos'iffve feejback? Iv (-Ij(;//;'/;/(/(//n, . ./ 
tY~r;d (I()V(!j( I7I/Jh f p)"cdl.I(lt1~p--'i%W. #r('l(l/bt1t'/( Y #1" ('/f'lIci ft'l/fJR 
d/c.V J7('f .. hl{l(l~ Ja ))Jtlf'h JtI/I!y/fT.3Jll!J(J,(If' (dlJ (7/r;ud (lC;t'r'X )7/ tv'r-~// 
I:l1 5'pnllyJ;J:, -!hI} (tlijH (1t')1!);,),1!" 7f, I;f!J?/A~/J tUJM 4 ht1// t£>7'rcm 
.f2T df~(ff'Jf'J 10 (litud (lewK.%i'S (}/tw 1Jt'1-/J'Jr't:')} ;lft;;'!-$//1" /d'l.lk/ /Jr< 
17(' (IHUti' /1['1/('11';,)11/1 J'J') ),;/It'J( <?J7?A.//}7:! ;1~ /".1 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy, Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases, 



ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

Earlier 
~n9wmelt 

j 
In~r¢a!iied 

scrub 
growth 

START 

Decrea.s,ed 
alpedo 

More 
summer 
douds 

Increased 
evaporation 

E. Pick a negative feedback loop and explain how it brings the system closer to 
ibrium. • I 

{'leur! (1OVI',( /J PI) /I!((!Jnj?.f (if '2 

Ir/rrlr IYF'? 

F. Pick a positive feedback loop and explain how it moves the system away from 

~. . ~&l<kh< p$4#¢ ... wi . !l11'J!::: #tl77l! I&J!- II) };)f ./J{("/;( 
/) ()17 fli;fllnp/(! a-I (} pe::SJ:h.f' ~~J *tj? f&,( k Pt1Jf1 £. 
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ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





ISP203A - Global Change 
Feedback Loops 

Objectives 

--- ... _ ...... . 

" 1 

Upon completion of this activity, you will be able to: 
• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change I ~, 
Feedback Loops " 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying 

Baby is hungry and starts 
crying 

Other babies wake up 

Other babies start crying 

Permafrost in the Arctic 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying 

Babies are crying 

Nurse feeds hungry baby 

Hungry baby stops crying 

Other babies stop crying 

Cloud Cover 

ClYtvVl~()(.(se qa~ WUS~ If[lVea:rt/ 
.v \ ~ 

\)J (). V \'V\ (VI q ( OA.l Ck' ) ~ vel rUV Ctf-(UV\ 1-

(VWV \cJlA 0 
C\O\ACl COV,eV \? lU~ S 
(UJJ~(Yl (J~ 

2 
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.1 " --- ---

GROUP#: 1-1 
ISP203A - Global Change 
Feedback Loops 

of Members Present: 
At-taa &55SL/.LJ 

~'X- jLl.Lf.7q(.,.'O$3. 
I\t-It.-L( "'oZ~ i 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. P~sitive feedback: CCW),€ ~ l\ COVW\YU;.OU 5 WWVler-

2. Negative feedback: CCJJJ.~) C\ Y'\ OpVO~\K c.VlUYlca-e 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

\iJ1MXi 1VLWi is UV\ \Y1lNfOse IV! ~Ql-uvt' lJuy\iLV\ (Vl(}(fQ1e (Vl 
~VO~Y£lHOr1 + (IOU 01 h)VtYlatiOh If'~i LvI lCLLlJf J rJ&J)IPdl-e. I VI f6Y-1trs 

tCV\Jl\0trvO hi Vi '()21JJJJ SR Or-'[tU k? lOeV--lV/f! clt rrAJ \ IA (/J _ 
B. Which specific step makes this a negative feedback loop? 

iI'Ll IVL(J{((JSt (V\ tuvufe vCthAve IJ:tds tV G\ clUJ/ease 
IV) tuM.-pZYUtf'UV,{ \7{tCllL.lt o+-ttlQ cto\JO CClVLV. 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of ~ 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 1(" 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Ex~lain your response. 

IV\ISWUlllc! Yt o.PO)iHW r{W~~ [DOp. \\I\J ~\al\eVS 
H\{W rVIJ ')IJV1's vaGI Ut1 OVl wV\lun M(\S ttl WOtev ~YnJvl~ 
~V-:r \h,~Q \~~ '~(}Vrot ~ ~\~L\{I/~ ,(1:Jt to ~\O~CA\ VJClVYVl'1'l0 

. . SU~\) vOlcll cti1OVl ~II( De OV)JOY/Jill ret IW eOtyWt 
~~Yl~(lMVl(,{a(j~ L~[(n~ ~n\UV1 &UO()ICI \ru 0rG5IHVJ kQJll?W,-loop. 

3 
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ISP203A - Global Change , j 
Feedback Loops " . ~ 

'i<i~~"" ". 

On the diagrarE"b,~12~;:~i'fns~rt arrows to complete the feedback loops and b) label the 
f~edback loops as"negab"te an'a positive. MORE than one arrow may go to a single 
crrcle. 

START 

More 

net radiation ~
t-____ l\ summer 

douds 

Increased 
evaporption 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 
IN\.GY t ~ ~\~ O)~ \WI\ c \1IJtl tmq lW.ct) \-() IJ ) ) ')We \ LQ 

t\ftiJ\\\lClt\\y W1Q\~~ \i) ~<:,S OJvv\GSVIAQ,'V\( V\j.-OJ'Wlq· 
t\ru tI/IIQ Wlove hVltj +0 \j)S VlQCL'}ffll 0 ea lJ{1ll'ZR j 

'1V..R o,twlOSpVleV-R' _ 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

~)fru atw1O~QV\J){,(V\J.t\h V\W~) Wi l.Q. if,\\l \W If. tnlS 
LWG') \-() LOS) a\0WO(llm\(¥J Vf~ SUI')VClMl ~vJlU1 hom ({lvtv}) 

\}-V\IUf) L(ljld) \1) ~~) V~()Jc(hon IVl(}(eCt](j!l~ trl9~- d·f 
~\ mo<;~w¥p· ce vt~ynVlM It-quo tnrOL{qn IOOpl~ maW$ 
(At\'1(1O')rttWI~ VvClVtf'{Ilif +NVpwr from eqGldl IJv' II f1'1 



ISP203A ~ Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





ISP203A - Global Change 
Feedback Loops '." 

Objectives .. ' ,; 
Upon completion ofthis:activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 
t, 7"-0 uS) ,..e..\~e.3 C"-""b"" j.'oiC,k ;" h:> 

crying ~L CA~,v\..l!tere.i,wt...icl, ~e.J . t 
t-0 tAr;A. ~ il1 ~-t.-

Other babies wake up 
\ c:: \~ w ~M'f -'-I.e. ') ,?e.rl-'-z>.. ~ s \-

r d -e..1>-'>:~ (V\ " ~L..-(. 

Other babies start crying "tll!S ,0:e~ '~bl j aJ-. j6kj , 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

C-,,e...e.A \;u) ~ -t g?'--!, ~.v:, )/..C.~ 
Babies are crying 

VVCV-M:'1, 

Nurse feeds hungry baby l-V w-f'\.! f'J ctvv-'>e.:s e."<>cfb~&-(.~'''I) 
cU-- ~.r{.. C~J- u,\l-l,.. 

Hungry baby stops crying c.. 'ell oJ- c..e \l v <:C--') -e..::, \.e. \ ) 
\....) Q-r-M-"~. 

~ 

Other babies stop crying 

2 



ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

..•• , i' 

GROUP#: S 
Student IDs of Members Present: 
Al1o()O'1 "t t; j 
A4ZIIS3>J3 

u. 0 G 7<11.\<6 2 

Make sure everyone in your sroup understands these term~ before moving on. \ , 
1. !"osi~ve feedback: 0-- CLvv<--).e ;.A 0- 0J.s.\-<~ +~ \- c,...,v- \,.e~ k\-h-v-- c"'-"J"Y 

I (\ ~ ~JS.\..t"" )v-c.L !,-\;-,,,\- tle- S'j~Kr"\ '1v\c.V"~e.~ C)ven:,\I, 

2. N~~a~i~efeedback: ~ cl.M.1-t. 1"- "'" SJ. SkM +l...1- c...,.,..~~\ aA 6ppOS~~e re'\,ipMS<, 
I 1V\{... '::,Jj{.~ ~~I-~t- 'S.JS\-~ f~ c.b~~ ... ~ ~"';\;\:'''-iv.M 

Questions 
~ Why is cloud cover considered a negative fee<;fqack loop in a warming climate? 

1 Vc; ':, ; s, C--tJo'S~hreJ-. 0... v\.~(i..~,iI e \='e.-ecLbc<-cJ.L loop be~':. e. +l~ 
'StAlL'S \;'\~+-/e.le'jJ·IS ("e.I='!e..d .. e .. .J~ bo--c..1( ;I\~ ~,?>-c-e..., ~;tL) 
So""'~ Ce" \; A j , 

B. Which specific step ma~es this a negative feedback loop? 

W ~t- !J'JvVC.Q..) +-4,,") 0- Vl ~ 0.,. ~ IU-<"" r:~e...JJtJ. .. clA-..... Ie:,.::> 'P i ~ 
t~t- +-~~ ,~c;.;M \1 ~~ t/Loc-( c:.JD~ e..c.\.l-e.--+l~QJ( 
: e.. \J "'.<t. 0 r 0-. +-1011\ . .. 

C. How might cloud cover 'L0duce a positive feedback? 

Clo ..... ~ (.../)c!v b "C-G{.) ,,>W\.I/jll-/ c..o-..':)j \-e...\,; I....JOVv1'l:Aj. 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. , L 

ih IS : 5. "-'P 6' "::>~ 1-i i.J e.. (:.e..e..t4,o-v/,L 'ObP b e.c..~ -e... \-l.e.. k-~ ':> / c.-e t <-v--e.. 

'\ ') ',1\ rpD\ CA.""- Ice c.a,p s ~- ',A j \ iJ--C', V-o:, I -I-l.e. More \-\.'-L eo..rtl ; ~ 
J \:)', "J ~ W o.r-N\, 'I y\ cr~; j Ov t,-"",\ \ clQAlj L \ If- \-l~ ~...J ~t ~_V\ . 

3 



ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
f~edback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

/~ -"", 
( Earlier ) "11c1l---~-

\~".:::; 

j 
1D>: \--~V<L-

--------- - ~- ----.~ 

~~ 2,jS+t.--. cJ:~-:--lr> e-~(A:\; h~;=-G'S lo "" 'I) 
CJ C; 5 \ (\ 6d.i we;.. r-,~) 



ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work I ... 
The first example is a positive feedback system. t() 
Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts lY\eJhO-~ ~-f!:c, \(de.Q~ 
crying 

~t:>.9.J:) ~0 

LNvCALOAJU>( i-~P Other babies wake up 
.melts CAlVN\.olLrLo,sT 

Other babies start crying m~\-h~ (JV\..m.*(1)~ v 

('~Hc.(~.Q.b mE'~(V{\.1t 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Babies are crying 'CNvcA.QJCv:JWI I/'...'{)V\ ~ I'-~ 
6.b. ~ 

b:1 

Nurse feeds hungry baby l W~IVY\A. 0j ('0J..k.~ R.'ICCP cnq .. Hc. 
k. Uou.c\ L0~ 

Hungry baby stops crying vLou..d CoWA 610eJcs 
SLL¥\ 

Other babies stop crying LtsS ~ :;;::. LesS (JI)JJlXV\\I\ .. '. 
..I 

2 

'\ 



------ ---------------------

ISP203A - Global Change . 
Feedback Loops 

GROUP#: b 
Student IDs of Members Present: 
fJ431h 51 II:) 
AYZ209J9;f 
f\. ':/1 q (;,fo I {,'1 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 

1. Positive feedback: 0 n e C}(\fJ..Iyu~ (CiJJ.E,i.'S O-X\o1.\\.QJ\ ~'N;! ~ 
th.o. ~1e.::v."(.A, 

2. Negative feedback:. . -1~ ~I OW o YIJ V(VJ.JNlt QOJ..lSR. S Q,Y\ot\A.sL< C)A?-,,'IQ[ i 

Questions Sh> ~,en L\t\C1-.l~ il'l'- '1" &XXSl·~e C~<:-'\l.· 0,,, 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

Uj~ -kw'lP ~ woJ..-\A "'-lCA..fal. lMd~A.,J.;;,. _ 
!,JvUoV\. ~~) Mil'U Q.}.ou,d's)~ c.1d\...ld.S 6!oc{c C:LLn uJ\'UO 

Lcu,,-Su> '+VI..9- {-0v'l ~ -to I~. 
B. Which specific step makes this a negative feedback loop? 

If\.QcAeuds b(~U: ['3 SW\!\JJ.OVvC-

- o.--\11\oSf~ 
C. How might cloud cover produce a positive feedback? ,(' I ~ A l.eo~1{\ y\0\).~ 

'{\"-..tr\S. tIco\).c\S "" ~ W0L*<A \/~ ~'$ ~(Q ~ -'-
. f1'..Yl~tc U o.p hQ.(li: .. \ 

~QS;e.~ vV\ Q:\1i\\~\'\.9J'& =- LesS g ,f". T 

~ t;0GV . .;'Me.o.i\:.J.:\r\., 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 



.ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

/--"" 
( Earlier ~ ,,;<i ___ ~ __ 

\ snOw

7
me,t ' 

~" ----

?' /---'\ 
(

Increased 1 

net radiatio:) 

"""_~' F---. 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium, 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

4 



ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 

-------------~~~~--~~--~~~~-

If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





--~~ .. ~~-.. - .. ~~ .. - ~ 

ISP203A - Global Change. 
Feedback Loops 

Objectives 

---~ .. ~ .. ~----.. 

Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 

• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

I:'osr~v(. ~(H:)(\tl<~QcnOX\~ \1') W S\.&Sfe,<m CCtVSN tVv·i:hal c,na.n%cS' Ivl ,tt'>J., S't\S'l:evh 
-.-~ SUCh -tho.J; ,0VYt~ ('()'(YIl'cne.(\~ IV\ C\ SW-te.m II\C1fO,.SiiC, CVCra..l.L 

_:-:nC::~.JC).::::o..~-n.:.::\rt.:::-_~~ecl_. -:-b_"'...;C;,"":~~ C\. dl\CAX\¥ \" "'- s'<l~ ct\.uses Gl.n oppcsH-e CE'S'Ftl'lse 1(\ .t~ 
~\\s-IeM Suc.h --ldrlGl.1. -{..-iA..L sOS~ is dose. +0 equ I \i b (tUVV;. In -th",\ 
O;\5t-rt\<~y)t'~O-t\v<: .f.~r,Abo,c.~ (q .. yy\Xll'\.en-\; w'tli d,tU-t'Odet:hJ! Sll-A- r.:>f 

ch~S ~OIIY~ 0" 'n~. s«tl,+e.m. 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 1 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts ~ r<:Q.,", "cure 9"S ca.",€, h'lcr-eCtJecl 

crying I.\JO-(\)'\' nq 

Other babies wake up 
WCIAm\I'\~ r'r\.Q..\ ~S I'e.t lYlo.rrost 

DJ-d re lAAse.s mJ!--thWIL 

Other babies start crying 
grttV\nol4"e ~\ CGluset "'~ 

Incrt'A~ wcu-ml~ 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

'3re.e..nhcvse. ceOS co..use 'nCJl1"IJ..sed 
Babies are crying uVQ.(m '(\'J 

Nurse feeds hungry baby 
WCU'"WlIY"I"l CC\.uses ev()..f>OfCttlOr"\ a.."", 

\ '" u-eG\~ecl C.lcud. cCM"if 

Hungry baby stops crying 
cloud cOIif bloc.","S SU{)l"tgh-l. 

('DlV~h"\<.lb Lus W CVl'Y\ "') IfI 
+ 

Other babies stop crying 

2 



ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

, "'!IO 

" 

GROUP#: 1-
Student IDs of Members Present: 

,J¥12-S0\SlS 
0'0\2\00513 
A'i2..1 ~ '51-

Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: (A ChJ..v>~ 0(-#..(. St:!5'\e(V\ thed, C('...!LtrCS mOn:' c.f'·flMl. 

"CVVlt. -L-1rt(,,~ 

2. Negative feedback: 0\ c.h0l.Kl'V' of·{:&u .l\;)S~ -tl.tA:l COI."'S<',$ l-c;~ ~V"' ~ 
01'j>C':> \ te cf s.Q'YI.Q.;\;II til ':) 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

\~ teflQ..(,.,,:<. ~ Sll\"I~S"'\: OJ\~ coures ~'i>t WQX<Yi'f\0, 

B. Which specific step makes this a negative feedback loop? 

~HCLtml1 mote "-X\\l':}\-.t bctC.\( w Sl'o.,cQ. 

C. How might cloud cover produce a positive feedback? 

,I ( ~ C<.jC~ \::Q.j'-t CCf\tmvouJ ~ CtelA +eo\ \'VlO(t:: ci" 

,h..Q. s~ v'C\.'f'>O!- If: wo.;Lo\ Ice POSIf\i.r€ ~1.::a.~,I;., 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D, If global warming causes the loss of glaciers and ice sheets, would this result in a 

n1h~;r post~e fee~Oc~ ~;;\JXtain y~oni:itlVl 

be. c. Ct LA. yc. Q~ '-VV\ t ca \Cl c..ttD CAJ~ \' cJ.. 6 hit ts 
'(\J\t l t -' 't\;u. -tCtI( -Hr\ Gl VJ S (j{ bS \nO f'C,; ~ () VI 

fU4.c CL t\ D (\ +V'u.,i( e. fcJ'rQ..,- W Q ( ffi [~ ~ 
~G-(~ .. ·\hL~ LA{cJJ. JUST- ILtLPJ CU.Ufil) 

'{\f\0fit 0 + '\-'\Nl. cS CA ~ , C V\.Ct V\Dje I U'J h \' (J() 

'( ~ ~~~ \TS ~D&:-h\Jt RWJoLlU<· 



...... __ .--------------

ISP203A - Global Change 
Feedback Loops 7 
On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

/~---'\ 

tt ~~.' ' ••••• ~ t le~s sea ice ) 

"'~- .. / 

j 
Increased 

/ j 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 
~ 'N.5fP-"n\Jt ~--\.eS 1YI.0f'e VvOA·v v'0R0r iJJ'rllch c,~-\-E'S l'Y\o«:. 
clC\...t\~) \:MOCK\'f\~ -l"wl.. s,\X\ ~('I\ w.c..,\..",\'fI~ ~ ~;\:.."M.OW'AA{--e CU mUCk, 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 
Blj InC!r(:'c,,·(~-t\AQruYCv{\l of ~1C1Y\-ts 1\'\ -tiA..L O-..~OSI'lAU'(' J -k-U a...ma....rlc 
cf c:;lrWt"evse CJCI.S<U;; ...,..,tlt dJ2tff'MlZ.. ()Jlllch I..AMI.. 'i'(\o..~ ·t~ 

Wj'\\>e,iC\1~ ~OW('. 

4 
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ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 
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ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

GROUP#: ~ 
Student IDs of Members Present: 

1I'-I13)! 1(, Y 

A~3~hh017 

Make sure everyone in your group understands these terms before moving on. 

1. Positive feedback: :;;<:>'M.fit~\'j CQ,.I,.l<;<.£ f'l\.or( .f. tk ·1 ......... .:. tt-,IYlj f., 

h<>ff<l.l"l 
2. Negative feedback: 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

(<.!'-' Iff ;" 

B. Which specific step makes this a negative feedback loop? 

1N'o'-'C(. s .... V\lj"'-I- i~ <~~\E..ck~ b ... c-I<, \1'\.\.0. 

C. How might cloud cover produce a positive feedback? 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space .. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

Ovu 

3 

"'-n cI rd·! uk,,) I 

"I trv11tbr'.,wt. 



G 
ISP203A - Global Change 
Feedback Loops 

On the diagram below. a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 
~--"'--"-'" ".---_ .. ---

/ '\ / "\ 
( Earlier 1 ., .. ------
\ snowmelt ' 

( \ 
J" .S~.~ .). ! Less sea ice ) 

"---" .•. -- \ , ,,-_ .. -/ 

j 
~~ I j 1..~c,' 

/.--.-.. ,\ ,~~';f.J \., 

(_~~~req$ed I 

r:;---'" ~:t radiation ) ~0r---.. ,,\. /""\ 
Increa.seq \ ~ ~ f 

- \ ~-- Deer. eased )' \ Increased \ 
" scrub ) Ib d ' \ a e 0 \ evaporation J 

'\. growth '--_--------,., \.., / "'., / 

~_J/ - ~"'f"~ / --~ 

/--~ '-", (·~or:'\ 
( Decreased ) ... ,~ _____ ( summer ,I 

~ \ net radiation ' 

'" / ~, clouds "/ 
'''''-'- .... _-_.-

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

T\-<... ~~OSp~I'c... h. e.., .. :h"" .:J CCU--C<...$ 1(.$ j ,«.0"\ ,';;: t., 

0-",6- Con h\-..."", S ....... 1'C<.1f- C"'-'-',i'j <--v .... por~ j.,""".., 

j'Y\.+o C- \ov~S C,,--- \<.. ""-"r<. cl"'vd 00v<l,-
",-",oJ 

b~<; <>..1""'-0.5 rlt<-v-,<- he",;''''''!), 
F. Pick a positive feedback loop and explain how it moves the system away from 

equilibrium. 

4 
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ISP203A - G~obal Change 
Feedback L09Ps 

· .. --_._---------

On the diatJilBfnfbefOW!'ii:) insert arrows to complete the feedback loops and b) label the 
feedback 100fl'S"asne'gativeand positive. MORE than one arrow may go to a single 
circle. 

START 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. L 

LI'.,,~ set\. \ (fo. rho...c~~ +\') 1\ \I\brfol}i..e C -

, . ( 
,I • 
't. ,") 

ro' , 

I, pc(' ,., .. 
~,' 

"C· 

.::', Ce,,,';;; 
1'lJ -~ 

~ , /l fI 

. ~ 

" , 
\ ,r\ ••.• ," 11\·.\ h '"f) ,,V J' :,t,)"j L 

L 

l< 
! -.,) 

,) 
",", . 

!( po'; . :-J-.{' (-
(? (,', ,. ;\ -'I 

r ;." C v l " r:,/ ,~, 



GROUP #:41 
ISP203A - Global Change 
Feedback Loops 

Student IDs cf Members Present: 

~L A"'IO("'i{b 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: Ill. I "fa <Cd) ,,:'Zrt ~ j , ',r' P ( 

( 'f' • l.(. vVl..-, 'I..- "~,,, L'f 
2. Negative feedback: f,{\ 

, 

.(; ;~/j)l)::5i ~[ 
{ l 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

~)eCr:L()Je- 11--- Ina h-J fo1.£. CLi/y(ccl:( (. ClrJLt2.[ 
!,1 

B. Which specific step makes this a negative feedback loop? 

/kL cLaud..!; refft.c/.-t:j fua.;:f:, 

C. How might cloud cover produce a positive feedback? 

I r= f.f- (;tXM aJL\)Cl.~ cl{juLl~t ) .. l-
f}1Cti4 /1/11/)(;5 al:u((((g be 
CO(AAcL spu/:! !"Y7(jV'C. tf ('cOll'/" 

Albedo: l 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

J r , 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 



ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 
crying 

Other babies wake up 

Other babies start crying 

will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

,(jAI' I. F IV" 
Babies are crying 

h,/fA _ "" 

.1--
~ 

, 

7 , 

Nurse feeds hungry baby ~~~ cf~~~'( _ 

,OIPfl 
""" 

Hungry baby stops crying 
~ AWVV1- L. / fl'?1 fi A -11_' A/';: A1_ "-. /v-vv ~_~ -, 

Other babies stop crying JkM ~ J&mrl 

2 



GROUP#: l~ 
ISP203A - Global Change 
Feedback Loops 

Student IDs of Members Present: 
~ t(~'6"-:oS"q t~ 
A4Z,7 73'/IO 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: ~V\. ~e:') CCLU~ /II) Q.f'L (J f. fu.wu. ~ 

2. Negative feedback: W~ c.lrL~-<,:s C~ CLVL (»rrOS'~ 

«~fO'l)Z Of-~5L 
Questions 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

~ clove( c..O--J ~-r ~ ['{duces ~ am.o V/"vl­
DP- '5UIl{'5Vl t- ~f- (iiJ...~S f+ .. L~P.K~ 

B. Which specific step makes this a negative feedback loop? 

cloud C(j~ ~Locks s<Yl1 v~"'J) Q(U)s~ 
leS<::. vJ O.AVVl w:J 

C. How might cloud cover produce a positive feedback? 

I f':- u-->Z. gJ~ tk<. C'i c (e... M. CL d J ff<-revLJ- P IQ{. ~ 
SLJ(l.,h. 0-.3 w~ dO\JQl (.(N-(..-r- kh Ov\. k'&'S 

'S uv\ tV9 ~.\-. S D d- COi'Ll. nu-G fo {of.-f- c V\. (.0 S 5 1M. [ 'i'l {­

(v\Qt"~~ d- 11'10«.. 0 f. fi.t J~ i!.. rJecf. 
Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

YosJ-, ° t.t V\II&I'z.. JGtd.iI~ W0J rei. {q..( oc/:;sol'lo.J(c( 

lot e a....~ \ ~ '3 v.r(1..<'.A 
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Feedback Loops 
ISP203A - Global Change l ( 
On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 
/----''\ 

I \ 
~ ~ess s~a ice ) 

~,--_/ 

1 

E_ Pick a negative feedback loop and explain how it brings the system closer to 

eqUili~ dOOG Q.O~ ") Ws [e'5<)- S'OI\.lv9lrJ- WI 

C(iA.,~~ Q. d.ec~ ~V\ vOoJvVl~( IorNl3,h3 
~ .tQNI-0\S kwLfU~ [{w:K (.e .efCJ .{,l1r,ul'1. 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

tP ~Uff\C<.A-C1>f llAC.,-e.<R.S(5 3(e.Ulhov/..( flQ:Se.S 

W!,uQh C CW).QS '/\cJ'(C<.&-ed wMmvvy t9 t ~ -ecvfl., j 

~A- VtAifVV'l,) i-VVt-dfs U-c. p .. e/{MC\.{lod M.(e0.5ry 

vnt-f-h cut <--I wfNl,d,,, Lyt4!-w1'\. a..d.cC~ 1-0 f.-t-z 9C'e--eIll(..ous-< 

<JCQ(5. 



ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 
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ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts Ce.r\::'c:;o,. c\ "." )I-.J. e. .,."J. ('r'\ ~ Tk. ........ c. 

crying r f.. 5le.,,",,~J. 1. ....... \-0 _~ __ .... ,"'.c.r(. 

Other babies wake up 1e....-"\.p(..~\-u1""C- .... ..-.c.1'(..G., (. 

Other babies start crying () <..r ......... ~ tr-u ... ). T'~ /"'\ "' ...... , '~U-e..4"'''j.. 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Babies are crying 
'If'c..~,... \..,gv." .... .,e' '1 "c..C"<.es.e ~ 

w ......... n-.";f"'; 

Nurse feeds hungry baby iV'u ...... .c.. ... c.~CM-_ ~ ,'""" .A t:Aet..c-cc...~ec,.A 

w_~~........, 

Hungry baby stops crying yf""\~r(.. c\"",cA c- tI..J,-<" 

Other babies stop crying 
.-.A<v<"'"'e ........ ,.J.. ~cr .................. '") 

2 



ISP203A - Global Change 
Feedback Loops 

GROup#:1 """" ""-"/:;:;""-""""" .... 

Student IDs 0 Members Present: 

Part 2: Group Work 

ALI» (. >C. "3 '-l 

". -\0"1 oo,,6b 

Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: "' c-ho ..... e.;~ ,1-"><- <;~~.<_ (~v"<' , 

I ~ ....... +\.0 It,-

2. Negative feedback: c c,. ....... ~ .. 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

ov' 

8. Which specific step makes this a negative feedback loop? 

1'-.... ·.'""Ito .............. 

C. How might cloud cover produce a positive feedback? 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

PO<''IH"""" ~ ... e.J..\'c.c,.\~ .9.c>o~ \:.~ cc.-..o ...... ~. • ,...., ........ c.~ ~c. ".~ C-...J~ .. -, 

L.. ....... \.J.. ........ ~l It- &), '" Co ~ ........ ~ ; c, "''-......... -\-"' '-' ..,.,w 

3 



ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

Increased 
scrllb 

grQwth 

START 

Decr~<;I!j:ed 

al~e~o 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

IC- +1..- c:;;..40-~~ph.....rlt,.. (,....<l.. ... ~,r-~ + ............. c......J' -. \ 
'>o~ ' ...... c..r(...C.. .. (;, 

1,< .i.(,!Io\. ; <- e. <..oJ'- ;,,~ l,JOI.o leA e..vc;..?~ \-><..-. .--..A 
it'C-~t.... 

r~ ....... ""'-0"<. c:. l~ ... cJ.. c.~ .......... G-~ ...... -P,\...U't"c-- C-c.t)\. .. , 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

4 



ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





ISP203A - Global Change 
Feedback Loops 

Objectives 

,r~ 
.,- , 

Upon completion of this activity, you will be able to: 
• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts (Ol. J /M.f4"1 feltoc;-r/ 
crying 

Other babies wake up 'J.-eW'f/v"fde 7~ <5 v p 
IM",I;" (){!v_r~dff 

Other babies start crying h.:J!~j;:;~,;J/ncrl~~e .I" 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

,1"'0"17 

tr-J. 6a< , /lC(e""4 
I 

Babies are crying (<tv'" ') Vvc;tt/tr.1~f4r 
i 

Nurse feeds hungry baby l,J'l1 v £>'I I) ~u",)~5 e Vc< p. """ {.j" /11 

Hungry baby stops crying 
c.i ()~J Co." uo<~) <)v,""L~ At-; CCf.\>I'"'7 

i-e<;'l """"''''!''11 . 

Other babies stop crying 

2 



GROUP #: t f7; 
ISP203A - Global Change 
Feedback Loops 

IDs of Members Present: 
J4~.;or 

.... __ ~d ft~2¢'i60Z~ 

Part 2: Group Work 
Make sure everyone in your group understands these 
1. Positive feedback: ~_ 

2. Negative feedback: 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

~Co."5e W(""r ~Y-I'5 ;;. flAG" ~v~~/)o'.J;r." J,.~4 (,df Ie /<I'Pr" (Ia,,} c..ou.v 

{)j.,.l cobl,,.. .f.-.e~f" 

B. Which specific step makes this a negative feedback loop? 

(/14(( dOJJ CoJer tV kith deo","f~ k""ff 

C. How might cloud cover produce a positive feedback? 

cJouJ Cove.- efA'" 1 ... 0.1' fro.. (If (''',-r 4"''; Jl'lcm,., ( 

te"1'<tr .. Iv~'"5. 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

J-/,./. b<~ ~ a),.,o,JaJ I>; 1iA larJ d iM-e1h J-k 
t I"<.lu" Cove-,-c (..JhJch.. Mea" 5 n-tor{ tF"r/J, w;1I Pf 
e..fpo""J J Aor< II.J- w",l{ h-{ ~ 
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ISP203A - Global Change 
Feedback Loops 

''<k.~;~:" .. ". . .... 

On the diagram belQ\I\I' a) rnsen arrows to complete the feedback loops and b) label the 
feedback loops as 'rieg~tive'a"d positive. MORE than one arrow may go to a single 
circle. ';"'·:''';:'.A~ .. " 

" 

START 

, .... - - ~ 

~-.".' 

( \ 
\

' Increased I 

evaporation ) 

"'. / /',._._/ 
/ ".- ""'''\ /~.~--. 

(. I More'\ 
~./ I Decreased I L ____ ~ ( summer i ~ • 

\ ne.,t radIation / ......... ) 
"-.. / \ clOUdS . 

.. ~".----- ",.,,~-.--_/ 

E, Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

1+ bn'f\g~ cl6K tD 

\J Y eo \ACt It n-.9 k 0 t 

\ tS <) If\Qfa~~q . 

e:c\'lA'llItv\Uh) 
~ CQ\Ol 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

0..\1'(\ ()1;.~V\e ~1(, 

W::Qfli'O; I \\ 

l"""O:tin.n to mOYC a®O~\frW0 Y~' VI ~ 

f'I\\)lg6 ~t (l'\)j(J~ ",MVi eq\..\\ II onl.l'iYl 

4 



ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system" 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 
crying 

Other babies wake up 

Other babies start crying 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Babies are crying 

Nurse feeds hungry baby 

Hungry baby stops crying 

Other babies stop crying 

2 



ISP203A - Global Change 
Feedback Loops 

.... ~-................. . 

GROUP#: 
~tudent IDs Members Present: 

Part 2: Group Work 

(l()..~ -nIP176 
M=s 2142 G~ 
Mqnz,O!4 

Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: . \1\ ~f\ '., .', \¥\J}) "'. . WY\C\\ \"::" ~-e£'..\'i'\C\ Ie t(\k<\f!~.; .. r b'",,'d"1IV·'/ 

2. Negative feedback: 
-rG CCf\'~~,r",J'{ eN' iY\Vu-e6~ 

'oey,a.,M>( ~~) 0 l' ((\!Cf''.I<)':. 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

C~D.IC~ (eVe.( Co' 0\ \ C\,CvJ(\ "tI'\.lL 1.:'4";\.,) l (Ott V>1~e.Y\:r 

B. Which specific step makes this a negative feedback loop? 
, I' It' If'"t' r '~f'\'t it< "( i"c ,,""'~ , • ~ A \.1lI \ (\ UJ!":,\ l.J.I'··J ,,,,,,,' l)V,,O( I., .' -~';;) .. if~, \\ ,,~ v "".-

r 'X,:'",i('.('. \ nt!,.r:., LrJeHV\f\\;f\.D../ 
'-'l-'," ,I" ~ V; '( 

C. How might cloud cover produce a positive feedback? 

\(' ktM~ \) .,::;¥'Wee~cl~ C'('C'\'? 1~\M\j "t 
(,\.Qu:J eel"e€" (,>e";}(:' ';, \ ~ I;-.Ol C\-U/i.:i ~"h')(( 
dl<coo '&.; \r 1/ ~~\J1 c\--\ \JV- . 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

l~ \,Nc,vvJ ,/).t pOS\\\,.I€ \)CttiiAP.A!. 0";. ~ 
V\~I·;<.>\\r ,. , .,,,.,d\!\,U· ~VV\~\), '\t t'JD'.)\6 

\(.t- Vi~\'tj 

(pV'S.e ~¥l 
ll~f{-Lv:l' II' "" ;,J'" vvCt-... \. ~ \: \ 

\ I \ .' \ ''''\£ ( " t; , \ \ '.' C ( .:sdS-e c",) \ ~'V\ i,(, C\e.A ,.r.! (.<-\ ,i - .}', I \, ' u 
IJ \ \. \. \-' 'e-. " " ., t !\\.I';::, ,,' "", f' \ '" '\ c·~· 'J l ' V'o,/,,,,, , , " " ,<,' , ""., '" /'" .. " .... ,,3...., , ..J \ .... l, " " ."", ... " ')0 ~ \,. '"' 

(\ "(1-'1." (,C'. <J" \ •. 

~'"SS, 
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ISP203A - (3'101;'81 Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

/-"\ 
~.-.. -.-.. = ... ~=. =.=. -.. ( L~ss sea ice ) 

( Incre.,ed \ 

i \net r.cji.ti::J<l-___ /~'-""\ ~ ;--""\ 

' .... ~~--..... ,( Decre~5ed ) ,- ~ I ( Increased , 

\~.,/«?<::::::; 

(.~<i /-'-"\ 
/e-, ( Decreased i bt--===_­
~ ~t radiation 1<::: 

... -~/ 

More \ 
\ summer ) 

\ cloud, / 
".,,~--_/ 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 
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ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





GROUP#: I') 
ISP203A - Global Change 
Feedback Loops 

........ ~ •.......... 

Student ID Members Present: 

Part 2: Group Work 

- AL\to,,\1i& 0 
;).")~10 \ 

Make sure everyone in your group understands these terms before moving on. 

1. Positive feedback: ,-11", )1~t '" fH S"'5 1.p)'VI. (&fv7~:;' h..r-tve (' C he,,} 'I. ,''\.. ~ 
SySiHY\1 7v(1,. -Jn~.j. SoY>'{ C<""-ffffhl- '" he. '$'(,1'<' ..... ;'t1IV'r~7t'S OvW"lll. 

2. Negative feedback: A- h 
(ft j. C "''''71': I'''' '" ">-y;;'ie"M <f~"S a<ctOffV$,'re ('(ISpu'?S..z 

. lV( 'ryS/(J"" ~v01 -1>,,,,,.. ne >-t 51-1'M 1'7. ((e,,,,, fv 
Questions e 't ~il rbt i [WI • 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

tjl't~I1i'10S~· 945"fJ r«vse.s ;nCft",.,J """'''"''''~'\.>. VlJcq>('\IV\j> {pv~"'r 

~roY'\t,I'" oV\c\ \~ .. l\ING\ C<M'r. Cl0vc\ ("w-<- b\oc\--z.$ 
7vY\ I .) ~t- I ({/'v)~" 1 e'7 S v--H Wl"----'-t . 

B. Which specific step makes this a negative feedback loop? 

-(I (;"C\ '"'VI . 

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

poe,; f~ ~t2-Jbtt.J.. lecJ~ - :rrue.q~ dOhC( \ \)O(I'I\!~ 1f(!:\J\~[&\vx..,Jk.. 
[oS~ c>P ~ra.cle.rs Oy\~ ICe.. ~l~ ~ wk(,~ woul~ ck.(~ .f4. (IW\~ 

J' S()\~ ~ ... +\(\ kMj ~fl~J ~ '?fqce, The wuvlc:\ Mqrt"st­
Ft...rW~ ob'SOrbr\-1'\ R _ rCt~f.1.I'/ "!U~ 5lok.",\ W(i..rt').\~. 
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ISP203A - Global Change 
Feedback Loops 

~. ..Ii~~~~ "'<..cd, ,_..... .. -'- ~. 

On the diagram below/.a),insert arrows to complete the feedback loops and b) label the 
feedback loop-§"as""ri~gafive and positive. MORE than one arrow may go to a single 
circle. 

START 

j 

More 
summer 
douds 

Increa$ed 
~vaporaticm 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

rk- ct1.o~~ k~~-? tC\CWt~b-etfo\P· i (Vl6ft- ~VMV t~~5~ 
-f d&re..Ol ~J ~t r~).. ~ -+ (e.~J ~ t~. ~~ 

F, Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

Mor~ oJMos~ ~~~. ~ b'J 'h- ite.- 4' dwtll~ CllbeJo-t 
~ IK~Gt't~ f\ef tJl" »0" -i McJre.. o.d·rto~~ \-.CPl~ 

4 



GRoup#:\-h 
ISP203A - Global Change 
Feedback Loops 

Student IDs of Members Present: 
.-:: 

41qq : II 
n'A-;J,un'Ulu3 - i 

Part 2: Group Work 
Make sure everyone in your group u~derstands these terms b~fore moving on. . 
1. Positive feedback: ~"-..oJ..Ct:t·i..\l''''~:~~A.,p b"-hvC .. t,-r~ ;). ~C't.d' ... ~';"j, ~ ~~ 

~C.\-..o_""''''r- . VI- ~"'-b \ ~.e<...cl.4 +0' <=L Co ~ f a..,..;ClJ..-i'·~ '-~ VI-
.=-.~" 1 ~"~ l \ e. be1'1", I r'\~~.·b,; ()" ,~\U.I"<.':!".~ "-) 0 

2. Negative feedback: "'- ~C<..~-..<~p W v'r~'-:"',-. ,:'>_ '.~ .. "",."I". ~ •. 
~ ~'p."",",,,-...... 1"" \.ll..",,,,,,-",, .• \-<, (' ...... ~ ~> 'Pp'~,,':'.(.'d~ APC<.(. "")..~" ",... 'I~ 

Qu::t~~~ L,-e \N\.O V"'''J\ • .t.(I.~'J...1.'''''if u, . .,..t.I/,~"4 ,·e,1.f 1)-j,1··, .... , .\", (,tP ... <. ..• ,.~."'.,,<J.) 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

~."C.:....t::>._.1~J . ..;;,. t c ... \,_1.,_,\,.,5) .... "'.~~~>t:"" \~~ c....C""£1· ...... ~,..J} .~~."-._~,." ..:;!.1b"'.-"'E':,!l 

b .. .',,;~ .. _.,LJ....-, .. -.'( a/~~ G. .\ l ,'.J,... d....A.. ~~"LC"""'....b"'4..o ~..\, __ ""'~ lc.~A..,,(' HV"t!~~,,1··"i-<·'~r-~-·tL..II Ct.+4....1./\ .• (' 
. . ... '1) V -~;< • \l 

\ e ~ \ I'\C/\Jl.A);,"""'·\ c,' \ \l V •. ,;\ (.!;',flf,.,Q.h ~ d...t~.t:J".,c..f"">"~' d ~, ... ," T'C:··'.:l. h..,,-,,"'1 
B. Which specific step makes this a negative feedback loop? 

Q...Q_,~·\.JLC~.J.>.." .. d ~"V'._p.,.{.,"~t:x, ... \'.,.,.{)y 

C. How might cloud cover produce a positive feedback? . 
lAr\ C'\... C o .. C::'. d> C.\,·\.,·'y'(,¢,.J .. (' Vi"'-C,)\A..o..",:.· " .• :.0\ 

--\ .... '0 \\ l",,-V~f:_-.1"i.ct:,e'L.t~ ~~ ,c-\ 1\ 
c.t..c:u~t.,~\ 

c.. t:Ht< .'. <:...;,"']"-a 
Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

0J\.A..v'c.J.... \,j, C\.c\.,1~ -\-Q t.J"· ...... ;\R.~,i' V';" -'<-v\Ji..c~''J''.1 
" 

... ·c '. 1"', ·t·~,"~l 'r'O'v',H.:, .. ··,.d Q...i'~l.,¢,·:j+,.Q.J\~ ::::. NR·':::V:::!,·t'\.!v~ 
~ ,A, •. ()<, •. ,"~",,_ . ~ ... ~.- v J 

b',;: .. ,~.,.A bc<..,C-.. i'- tt:~'f':;;; d.JLC..-hJt.C\.LU2.d ,:;:"S;, .. J."w. ,de) los' '>et,;:; 

. ..:.., A,"" d hjJ, +t.:...!l..~. ("'C.d .I",'),~,:A,.,<t}, t .. <,<;j~".", .• 
-'--'f) ~;"""",, ,J"r-'~"'>"';' ,C(·~,~·~· , w 
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ISP203A - Global Change 
Feedback Loops 

" 
~~~~V"'~ " •• " •••• ~;t\?f.~<t~~., ~ 

:, .' ,:;,-~:-:'f.;"!i~',:,"';, ~" 

On the diagram below. a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

\ , __ ...I • OJ?" Q 1-, ··"kR"" •• '" ~ c.:\ 5", Yi.A.v.:;> ,(f,\JY'hi "",,",,--J: __ hQ._(":I_k,Jl~ d '" : ""." .'" v·.~ ... · 
c~'-c:x.-")';)' .(!-1~t _r.",J'\ •. ~ '".'t.-,=,,~ (~t,:~-T"f-V" .. ~~l!! ..... , f·A '- ~""e, 1 ~!t.. .. L)·)..!L C'~ ... (!... 4.--;.'/;"'''fj 

., ·'(;1. ,'. \,_, ',' ~f • ~ . .::.\. T'"\("'I''''''O~ ~), !')<"""~",,""'~)~~,,e, ~"'_~':U::k_'. 'l ~'r~., t--"fj ,,I ~,.. ,J.~,,_f,.:, .. 'f~'~~ :C"~~';r,.,,·l.,.'\;"":'(··,A..·~';l: .... ~l\ ... C·t..,A.·P<·"· 

b ..... \ boJLc......v-yc-....;,.·O <.e • ..., ou-rj,)-\,.d:.;J 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

C'\,"/',1C·,·,t h'\, G'-I""" 
I .... 

b~, 

<;':'IS~(LA:)"V\-.J~t.FY:~ 4 T?:) '0 'f·'t"~,.t'<.,,!,..,1f': •. t··", ;<-"~r~ cL t <"t, -~"l \~' '>.~ 
Q 

b-e-~j.t,~' . .r",,~ .,,~'<.jY--'3· 

-~C.i-'Jf -

r--...Q-j' ~,, __ cd b_,,-c II. (:, b (.',\-"-\(_?'.,t n:,:;,',.·) 2) 



ISP203A - Global Change 
Feedback Loops 

Objectives 

'-" «r 

Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 

• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 
G~LV. \nt~ ~V- ,Io..( .r('p.~ 

crying 
\ ,ffi0,'4 

GlUla; ( 
, 

~H$ f'e( ~'-\ "b'iJ-t 
koJl'\\~ ~ Other babies wake up 

~'i'{)' '1,(/. \ k-1~!-Q 

Other babies start crying 
1lc. ('i c\"'< t..,~ DCCu(\'\fI.~. 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

(, re'<'l1'- \r.c-v~ (v Lc,e L1...Cv"«:f,e 
Babies are crying 

V. 0.( hi "") 

Nurse feeds hungry baby MoI~I"'J (0,1$e] 
-f'UG\ Pc»;{<-, ev,.d 

• 1'\( If' {. lovd ~y'"" 

Hungry baby stops crying 

Other babies stop crying 

2 



ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

.-~ . 

111I7 ..... · 1"') Alp'l \1 1. ~ S 

Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: w\.e.v-. '" L I ~ 

v'fO..- o.Ct,~ ~ oS Q..x."'"t Cw'i,z <:, ,,\..L S~ 

t~t\ -'r" ~-ee~ O((.v\.~ 
2. Negative feedback: -.J 

W~ ~ (,c-t W"\ of 

Questions 
t \ .. SS 0" +~ So ""'"- oJ. 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

Cl()l)~ (S'~~ UX>v \,1, k (0(\ b.<:I<K.<!. 'c. 1'-(.1;' ,I..<". s, ""'" .Doelc. ie.ec'UJ.Z 
c,,,,,,,,\\ovs..- ~(.'e(A (o.v-es, ~ 'Otee", o0e ~~c.+, "'h..C&, ~"'S 

(owS "","D.e >Qve't'Dro.11l1" .,",",h'C~ c.'t€cc~ "'" ,\A{tecc$., C lovd. ~,,~ ~ 
\.JX>'''''' ~ - le$S 

B. Which spe'Cific step makes this a negative feedback loop? 
\\.0- ,,"~dc ~ (lotC, (J,~" 1)J..c..k<§ -k.. 1A+!Ao,~ l-es!. [,...lC\(1/V' 

\l'AQcv-.<:, \-eS<; '<.Vo.~l<;o.+,~"" 1A.,f,,,c..1A WOv \..\. \.N1.ev, Crc ~~(I'e<~ir<- ,v-. 
C lou.... CC\,{)fCA~ e~ l'-t~ (;JoIi"-'j C\ OC<'V"' 

C. How might cloud cover produce a positive feedback? 

~(l">Y~ ~ (\oe<:lS o.:t: ~ {o( ~ -e\A6v~'h +Lu.. 1V-r<.. 

()...\.I-'OS.~"L. )Ac~ C~{I."-'. ...\:D CSt! ~-\ ~t ~ Co 1<kr cv-s.\ <i 0 l.t.~ 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gase~ .. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

, 

G\()I:x.~ \.U>IHI"'J Cc"/,,eC, a loSS CK. (,IO~I-e.S cN-.<:l "t-c-e (;,kN1S \Nh,tL-. 

wbvlJ, ~ ~ ~o(,'+'v~ ~"'-'t'.~60L~C 1\A'~ ,S be(li'v~ W,1-lA IIe&S glQ(I<E'(S 

(J~ 1(£ (U(}{C- -tU.\('Kc.c\ t:t,..J1..~"l WDU\<\' I&v Ct~Sc:(~e~ llj ~~/~ 
C~6- '>:,es ~ 1'A~ctcd ~ --tr ~~-Q.hif\ JvS-t ~ \'d/-c(t-'<.~ (v(l-c 1-

b~c~ (v{: ck --\G.- cx\\Ac5}:!k.rC, leSS '[(Q, ;: /JeDtE'-- tlzl{l'--'«\ 'eVl e~,OJ GIA.~ \'-'or<. 

l,vG\ (M. \ "I ' 3 



ISP203A - Global Change 
Feedback Loops 

i:,t, fl't_ ... ,,!~··td d _" _ • '7 
On the diagr'i'Q? 9jlTI Cl i~ert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

j 
r:;::\{' 
,SC::J~.b . 
\ growth 

J 

START 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. tess ~ Tee ~:) ;rl-.c'I'f"Se.. -eVUpDfD-1' Iv-.. 

iNh ,eir-- \"eLlS',) I-X.>rt.- Sv~( (/6l!J ~ Ltfh. 'C(" ~OI\S l-esS 
(;(}-c\.\ocl.:,lN' Cv--~ \-<&S \r--Q.O--:w Ij . ~ -\'L-L HnL{ Jbel~ lID:> 
~ ~\",£,'1 +~ ~ , + kc.~~) ~~ MV~ (lo c4S DI'\: \l .{W 5 
Ge<;~ ~Iv ~ "'jh~ ~0 -tL~ ,,;v(.(l.\.('-<... 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 



ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
,'.,.,. _". l<. 

If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 
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ISP203A - Global Change 
Feedback Loops 

Objectives 

1.:.1~ 
U' ! 

Upon completion of this activity, you will be able to: 
• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work ' 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts ~r.v.-hh~V<'~ "d"s, CO-V S-t 

crying i t'\C y...tA s..t.oI w""""'" i"'Y 

Other babies wake up 
N livVM I vl; "",..u~ j'i-NtO'I'I"'6I'>,,) I 
I!\Vlo{ ~~') ~6J.IJ{ 

Other babies start crying 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Gl'r<>UJhcu.><' '[" * fl. 1',,, ;j '-i. ·~·K, iht' r-,,-"'.f'>,~. ,-(.; n,,,',,, ~ ~ 

Babies are crying 

Nurse feeds hungry baby W""",vn"'O ("- C\ U-S.p .s vtJ\!f>\..1O O.,...-....Al·0 V) 

(}vhd I Y\. vy--~'S:-<-- C !"vol coO .......... '!.. ",,' 

Hungry baby stops crying 
tlDu 0{ C-o \.U....-V bJNk~ S ()1711',)-V! rT 
CiJlus(~· \ V\ c yJ- 0.0' In I..-vc.~", ....... ",.--,q. 

J 
Q 

Other babies stop crying 

2 



ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

-----

GROUP#: /1 
Student IDs of Members Present: 
AI-{{71-11- '11l0 1'f1 S${ £! r 
A- 40'1- ""I'Z~6 
ALI'Z:Z- ')T-L(~'1 

Make sure everyone. in your group un~~t?nds these terms before moving on. 
1. Positive feedback: SM"h!- tJ v - ( 

ch~ COrJfjll~ jll t 
2. Negative feedback: opp~sit.& INvwr! conflnulSl1'l oppOS1-b-e- vv'f 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

?;fop'S i.Pl-«"~V1 jytJtrJ [)V/1 .J{l1Y? l;i/}/?iJ / /'K.t rf Wd(//q! 
iflOYVh(J./ 1rJ' (/I'~ ¥WJ.,l. IAI~ S7rf/S4h lkl ~u:p{b t-.el<. 

B. Which specific step makes this a negative feedback loop? . .f 
ND("I{Y)(l"vI)~ VVh...L.v1 vfrtJ ~IiYl j1d-s tru v{fo...rtYJ { wC!.-vrn~ 

iW c 11'ni'~ bv+- bt (' 0. t/ y- 1h-c ,'nit'" IvrA..-,,( J'f...(JtA:- f?/~ 
t)IJ...e. c..lOUo{ fhe ~.fYl ,''5 V)otwO\...,;.ut"Yl-f"IIIIPIt!''*'t~-(i'ld nee. 

C. How might cloud cover produce a positive feedback? tJ;8t 
I~ 11/(5 Vvlwwg. s e/DIIR/;; 1A-1'1,1 ni> S-P"''-:.£ rwdh nlJ (,/t!1vaI 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

:t"t would b<: YU'j.~f;lv..-e.~~_t(H';,V:~::.~.I/~Vt .. JlvIs-1m rdlJibf from s," w,v/PI f./p'ltvt .p.,,,,f ?if 

3 



ISP203A - Global Change 
feedback Loops Itt 

--- --- ------ - - - -- ----- ------- --

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

---- ..... ", / \ 
( Earlier 

~n9Wmelt 

---

j 

START 

net r;;!diation 

More 
summer 
clouds 



ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 
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ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

GROUP#:~ 
Student IDs of Members Present: 

1¥-1\Q, \'?50\O 1}4~dl3Ct'll 
A "'-"'I "; ? '}>. 9/),/ 

Make sure everyone in your group understands these terms before moving on. 
1. Po~itive feedback: I,........\--- ~n:P. 

d Chl'l- \Y) 0-. a.j&b"n -tl ~ ~~CI TJ. 0-

2. Neg$,ive feedback: 
CA G iY\ Q D\\~vYI -tnctl C~5 of) CfP25H-eC r ~~,y) -fit 
t}j0~ l bnYn5 cfo.?£X +0 eft LliIJ~ , 
Questions-V, 

A. Why is cloud covet cbnsil:!ei-ed a negative feedback loop in a warming climate? 

l~COle-r DkxlfD iX}n~~ )6\ONmqvJC\r\tlI~1 1+ ~ 
1\'\e..D~VVl \!xll1h) cJz>>>-lo an ~c(.\,"\?n~ 
B. Which specific step makes this a negative feedback loop? 

d-ecf~~ In -hnpe~(~ 

C. How might cloud cover produce a positive feedback? 

C\cuds -mw 1YIA~~r ,Y)cd~iiP/nere, -rh. ~e ~ 
IV\ olwoz,p nert. ) tre.. VYUfe. 'IO..'Y\ OJ~eAJap:rcd-(C1J I 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets i3bsorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. ' 

\. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

-rhO D Q~lllrv,,- -fe.edPddh Ielcp. fYlt41!:] o-Y 9hc~e(5 ey~ 
wore' ~ ~~ ONI0 ocroVl WClJ,eraro\ ear-th.sUJ~CQI ~ 
ObW(D m:tt (JX")o.. @\.-\~ mor«6 ~!11Y() &f +~ 
r}orJe('j, 
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ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

Earlier ( 

snowmelt 

j 
Increased 

net racJiation 

START 
,.......-_.'._-.... " 

/ ' 

/ \ 
l ~~ss sea ice ) 

", __ /J 

j 
/-""" 
, \ i Increased \ 
\ evaporation ) 

-~"j 
/.-.", I,. I-~Dr:"\ 

If Decreased \) ( 
_ _ ---- summer ) 

~et radiation ~ \ douds J 
... _._ .. / "'-.----_ .. / 

E. Pick a negative feedback loop and explain how it brings the system closer to 

~il;~'fe- Ree~!h k1f of a C(,~lt5 tulAJ.1:errq . .fee). 
~*t~ C\ccer-lo~~ealll',bl"W'h o-f y)C!Po.P~ 
C~ i'KC\ I . ~ ~ jt)ctlAJ'-*% CI\j I~ /t~ d'11er bab~ @Y) 
~ aYqy-l&dWn ~1-~lo.Ac\ ~3e. rS?J7f'eJ 
F. Pick a positive feedback loop and explain how it moves the system away from 

equilibrium. '.._ 

; 
/ 

~ eQu~\;P-1U.1Y\ 'II C\ f1CO~ -kro.too,(1/t \~ ~ or-ecry 
beD{ ca\\S\'V\S o-\Yt( \:u'ro\e~ b 0'-\ ;~ Q s\ \tM-" roem , 

~~ Y'IOJfL:::; ~'I?Jv'\ et{;Vd l ;bf"Vv\'Y'1 ~v.~ v--J~Y) one.. 
mb\\ c;r\e.. '::» ~ ~Q,-H'0 +~ or~ b:J.1P;5 J ols-::r\lJf)(\fh 1::5 ~ C'i, 
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ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

(';'1 ~"" r J" ~""fG::.)",,>e c\(\,e-;;. f (.1',., '~J IS (-Baby is hungry and starts ' . ,~, " 
.i 

crying ""? \.;\.) '::\ it \rV"l,I'J 'i' .. c-A 

Other babies wake up 
\.\) C-'\ , l.t f • .'}. \ v',--'11 '~1:<J ': ,~ .:: '\'~ • W'o. -tT irA· 

\:.\ In, '" \ (' \Ji.J> <:C:,.r - W ~.;1/,S)·.\(.. -1;' ;'-(' <. 

Other babies start crying 
hHtn V, o\._~,.:;.:.r ('J c\ '~:..o 0;:;, U'~~, 

.... 'L 

-f 
! 

N(;\.t!-·\.\. ~ V\.~ 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 
, 

(2,10[0." \ Babies Crying Cloud Cover '; , 
W OJ ~fli1 \ ,("r;", 

rt ('.( __ -c,~,~ h,ULF-~r u 
('f .'~ :.;.. f G\ ';,...r~:~ f 

Babies are crying 
'1' • i.;,J C>. , /'/\, '; ...-"~ . 

--p 

Nurse feeds hungry baby \N OJ itYt \ Y'-'), (Otu'Sc";, (' VOl pc" ~.1\q" 
Q..v'\.~ "t' (' \f)u <:\ f.O\.f( i 

\\V"-~ U../uf'. '{ \;\'.J,{ \/\ ~uu'/\ \\<:.V\'\ j 
Hungry baby stops crying . I 

f CA\ ,<"'I V\ (t. '",('-:::;,<-:",.. l"J Cr.. ,l.\\' itS. 
U 

~ 
v 

Otherl5al5ies-stop'cryir 19 ---

2 

I--



ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

GROUP#: 2 I 
Student IDs of Members Present: 
A L/s53S/?} A~{p"~'I'(P3'1 

A'-lg \~'--\Ol\ \ M~a"110S2 

~ 7.-4-3 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: CJN\.v\Y S \ 'fI 0- c'"\-'c~ \('\/\!~ ('()\)j~\ vrS -!?Vl ('l"c II' 

t-i\.-e, Vl ';1-::; 'V\ f'VoJ'J\~'~~ai)f u 

2. Negative feedback: 

C". ',,': ~"._\/>.) ~i V"· t~ 0t...,~,~)\tVk! -1\l1l.f feu/;! ,~::JI::""V~) c~()\,"«,)-{\ C\.. CIAn\f\C:,r 
oj ' () 

QuestiogV" S \ -0 f~ it·-' 'v-s C c\.o~.,,,·~ V\ ... / . . 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

\+S CUY\"A,\UCc\ C~ ~'\'i'·(~k·j\v( ~fnd LtV!., '0.(' ((\Y..t· '\,\;,-L,',': 
i' , 

\)\,,(V" "'V'-'i. \\c\\'\ '';:lUil/,,, \{C\C\\'I'i\~ '\'-''0 (Cq((.·r:\('~\CC+\V-l 

B. Whi:~;;ci~~ ~t~~f m~~tt~iS'~ r~~~~~i~e f~~~~a~k ~~~~/;:; ((1, th ~, ;r ',I fr!!"r I. '(, ' 

Albedo: 

Coole.t (A;WIOS e~\e, t ("-\tIN'! ~f'C'-+V'((SI es'\J \ -\<s \ V\, 

\ess 'c. \S.J\.>C\ ~(~ lJ\ IOfi Ii \~\.I:. v'\:o{. 

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

T\v me \+llf'-8 C\0<1 \os'S O{ e,l {l(! t'. ( lce n i'l (I 1('( c .. /'""ui--SS 

\ "" Cl fosd'1 vr h:( d {xv " "C.(i~ In!\. '\\;'.0 i t ~C\,\\\,\\'j\ \ f \oi\-~> V\ 

~ '(A.\pvd' (;,~ \U I'(},.)(,(, ~'" lci i (flf.,c dc) of .. rhc Suv/eCr 

o.,~ +lJ\\? ·Grl,r1\·--, ('/,':(iC\'!C j "l"cfd ~.?Ol CL\ ';:'(i ",it'IN 
../.1 <:" ·~·'I·- , {~ 
.. ' \ t e: .{ ( r (' (I.e:;) :'. ,.,,' . ~ i.. I r \ r ~ \ ,/\ 

~, ~ ; .. -\ .. ; '1';" L· ~ () {c ~:. 0 t: l i{ n (~ \ ' .. t ' ,-' ,() K , 

\ "'\ '\ ',' '"'.1 (" J '), /-j(.{ "1 'V' ... J' 3.~ \)1' ''1"-(1. C;" 



ISP203A - Global Change 
Feedback Loops ~\ 
On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

/--.~.' 

! I n,req$ed '\ 
\ net radiatjpn ) 

'-, / 
"'~--"""-

('---"'\ 
~ i Decreased ) 

~et radiation 1 

"._// 

START 

/"--/ (More \ 
\ summer I 

\ clo,uds J 
",.,,~-,--~_/ 

E, Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. ! Lit Q 
,he ,!AQ7".d;vQ .s;falJv~ c/foVv"Vl T 

:j~f.l /1/1 ~Lc ~ br .' ///,-..$ 1< +-- t/ 0 
S (2 r 

~ t{ :/ ; bn' t11 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

f?r; I 'J/ 1/ e n-t cq J/j 5 
I 

cr 

Cd /l 1>7//1 ef + ~ h1c:P1/' e 
r~ (? «-~ fA. f' rlxt''vtfl / 
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ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





ISP203A - Global Change 
Feedback Loops 

.................... :>'). .... ~....... . ..... 
GROUP #: (I). 
Student IDs of moers Present: 
AL\-J.3d-C{ ~<OCj 
A'-\ \ lJ~3 ,,,is 

(''ClIl[7 
Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 

1. Positivefeedback:S~tc:lS \.J\'~ t\r\Z ?roC-eSS' 

~
2. Negativefeedback:S\DWs,l'Sh)'~s me ,?~es.s. 

~ \C)"( W\({j S \ '\ C \ os -ex tb e~ \"'\ .. '\' l" 'oV'\ \.~.,vY\ . 
~ <V Questions 
·.C s;:a...: A. Why is cloud cover considered anegative feedback loop in a.warming climate? 

G» ~ -I-t- 'O\CCI?S :s~V\\\qY\\: (S6\CW \,Qc\,\CltioYl) fycm 
'2. 5>= \r\eO\h(\~ mz eQ~~S C\.\:YY\C)S?V\~ ... 
<0-t->v 
~ 9 d B. Which spe~ific step makes this a negative feed?ack lC?op? 

'3'£0 1010C¥-\I'\C) me. s6\o.v ,{Qd., C\nCSh' 
cxr'J; ~ 
. ~ ~ '-' C. How might cloud cover produce a positive feedback? 

'-C0 f\'\CA':jbe \-\- G-cts ~ \It-e ~\-e-,:f.nhouse.. 
'S;:: ~ ~()\vS~S OvY\ol \r)\DtX-~ S.\.UlllC\V\.:t. l!'<l tOxms 
~ . ~tmDSphJLX"'e..\\'\. --\'0\S \VlS~'MC.-..L1 \~ WDuAd 

VV-~Q'ce.. Q ~ \->DSVn\J-e. ~e...~cL\nCLc..jL 
Albedo: LDb'(->-
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

l\jegC\t\\l(.~ The A-\Y)eclo Q~€c\ \S\Yie 
O?PDS\ t~ b~ -\-V\-t GYt.tJv\V\D\JSe.. c\f-ec\' 
Th('" Awy: .. d a c tt-Ec\ r ··e.s, \A"'\:"' S \ 1\ c:\ \ D V) C\. \ 

c...OD\' \V\,C\ \r)t:C~\As'-e... IY\ Ov-e.. 'S~Y\ \\jVl \- \S 
,\ef\-e.c-\ect. 'oo..L\f...... \Y'\tQ G,?0ce· 
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ISP203A..., Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

j 

START 

/---"\ 
, .... ""'j ( Less sea ice I 

~, /J 

Inc:rea,sed 
net rpdiation 

if 
y-'" 
, . ~ 

Decre;;l!ied \' Increased \ 
albedo I \ evaporation J 

(/j 
.'-', V'\ n Q -\\ ~ ",--- .. " 

/ - .'" ~ '-'\. r:!'" \ I \ """,. ~-}--! More \ 
, Decreased i~ ..-I ' ./ ---1 I \ summer I 

~ ~et radiation J \ douds J 
"._//._ . ...-



ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to retum a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 
crying 

Other babies wake up 

Other babies start crying 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Babies are crying 

Nurse feeds hungry baby 

Hungry baby stops crying 

Other babies stop crying 

2 
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ISP203A - Global Change 
Feedback Loops 

'. , 
GROUP #: J. '3 
Student IDs of Members Present: 
A?"'I'-Il'i? 0'5 
Ij3'?7j'l4("5 

0'0 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: 

OnQ Q. t.f~ '\-\' o~ ev'efl1> 
(/(1\ IA, $ISo,fwr- e v~ 1 ) , 

2. Negative feedback: r Ci\,o 0 I'\r..I e v~.v--
01\'1.. o.,.rjOjl/\ CO\y..~)1 

Questions 
!ACAPW' V-Sf, Ul I!)rJSf ~-\l It~G L 

A. Why is cloud cover considered a negative feedback loop in a warming climate? 

I ,~lo,,'2J. 9"'W c(i!.Vl.~ 1'.' (/J'lr/-'lllj! i"f:P;,f 

fr'O~"'u.J /'-1IJ/'L C/(o"tc;{.5/ vJh"i1h .j'€&,,,r ,SIM -t. 
.\U ... tf. g()l LY (}, r M I fI -I 

B. Which specific step makes this a negative feedback loop? J 
f'I,v.. ({ 19 ~ IJ{5 C"L Vl S--L Ii. n I !l c... t1:-ol2..£- I n 

(/0" {" 

C. How might cloud cover produce a positive feedback? 

Albedo: 

O'iluu\ {over COi.vt$e,s avt /llcrfGi$e. ,'n re.(((.(nDV\ 
of Iljht vJ hi',., CCllU,5eS t;re iCYV!felo\.tv .. ~ to 
o\e.c(t:'<:(S'e.. 

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space .. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

Lo5S Ilk ,1a.C1l:I{;' d- r(.e., C (I, f$ l.,.,o>4tcl 

M'i:! re. fe).d. ! ('\.1'"l~ rI 

te. e J),o..d': (0 tf· 
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ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

y 
:r: 
~ 
~ 

j 
Increased 

scrub 
growth 

START 

Decre~5ed 

alp.edp 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

M-ore.. ~ tiflo S p0tn c.. herA.. of, "'J t.-rto... tee;, €:Gf Ii er 
S{\'DwfV'\..t{T v-IhiC~ c..o...l.A$t5 ,·f10r-erc!t5ed $(.IiAb 
8 (OvJ'tV\ 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

Mort 0I.i"71-1.05Pk(\ (. he.OI.t-{f\j 

[.,J h I t.h Ate. V'e.ClS e .$ '" I b eel 6 

(ctaiOl'-\+'O() 

4 
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ISP203A - Global Change 
Feedback Loops 

• • 
GROUP #:tLf 
Student IDs of Members Present: 
.A !.j02 O'Z If CJ6 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: fh€ chong<2 CCI'-<Mh 1w-1{V'e Chc<;)cJ~ fn fh" SO/Me d.ir'-,,-b'Pk-

2. Negative feedback: "hUVl8.(' CC<£LHJ Chc,nge '" fk ofpol-i-k oU'~f>~ (I'nOrL<, 

vW)<'-- 11 10 R~(/hn'/"-IIJ.1) ..........,;> S(ow'if;y OfO(,I.Jk._ ,i:::'t'lC1 n8(''l..J fh.p rak. 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

b~N2.u;( rlouof couO,,- f le"l a ,0/-<' "'I "- 8 h '.L(ol "J!;f 77v s,-, VI 1/'8 /-...A-­
/oOt.U1U-' of (vctJehh o/fUl "- e-GoucW; iLrD'fUJC?r"",,o7 diu f.el/Ylp, 

B. Which specific step makes this a negative feedback loop? 
CoI'/-t>U,n.5o",-7"):tl'\A- -,> 

'rUf'~ds +0--- <;~'nl'8ht- b~rc. rn-l-o sf~ krjov r'YJ 'U'~t.v, 
u . r -f JJ - _J. 1" I f' In I.e»> SuI? It'd 4 y... 7 v-c ,'-'-,f"~ ~ p--r .ec,,~ -.-...... , _VI uucun ntf C{ouoV> '- v 

C. How might cloud cover produce a positive feedback? 

1+ COrA-<d. 

I. 1h(I'7U30 ,"o"'te U<i~ I""'ON' fut1pOrerf>'c11 -,> il'\..cJLpCt.--H -kmp. 

~. 'lV'fJ'rf I'€ (f~K/) UVC,-I-{V1j f1'l6-'l.C -kmp. (1'1 VlR,,--.\-('; 0/..,g" "-<UCIA''--'':J f-~ -k""p 
Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy, Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases, 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

1. t- WOGrid 'Z-G¥-U If i...... po" j -h' ve... fu of bCiLe (C ,,,;t'P. 
-/--0 r /1-{: uJl 

rvl t? "Le. i u. 1-0 nv If, ' ~() ov VVI i ''J ('(,c.(,<,1-0) C<"") oJ fjl"'-C/ €r <, J' los S °1 
j(uc.i 1XS cCL-<-l-¥' /-&'y\ V'JI-U.HCl10J- (C'cXrc,h-t"" I uJ/]tC,h (Ct"iN'''' IYiD'Le_ 

,@fl-rfh Ci bsor 'n-'~l 
3 

uu « +-c', e U jJ {'e, ;;~ bict[ IJt, I;'" C f r IYi c, -if , 



ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

j 

/ ----- -"" f'L'fj t; tl ve-
( Decreased \ 

~ '(' radiati:; <: 
"'~ .. -.-

E. Pick a negative feedback loop and explain/how it brings the system closer to 
equilibrium. 

The n fC}Ci five {e.fol bOlc!<- h rings fh~ ~'t ~ k W) c IOKR- f>, fzru.,-Fbrlu ,,",-, 

heccu-t..M- it slow; dowM. 1~ pmc#) ore.. 31oP" +A.P proc.M1> {'omple ~~ .fa 

('he;, n8e.- fh ~ oIlru. ·Np».. fi"'.3 0 fiv~ r/«01 bClck:.- UU'Cl fe..; Ci harneAL -f..:, be, /", ncl2.­

+h~ '(f5-km, il1skc( orf l-<fHnfj if *' chc;n(Je.cOMplek[J. fVCifOmfirn CO«4&) 
WJ 0 ri' C (ou0l5 L{) 11 i C" b /0 dL t~ '> u 11 fig h'f. -? l.or JeoQ h-hY. 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

p,d</lve .fuel b~k- rIA-D(V_S -(-Me s(fskrr. fvwqrc/, /'Ylo'iR e-nan;;t-e. 

+J1I'~.Ju6 ~ CV! Cir18 e. 'iJ1e p00f,V(L Iud r.,?1_dc rhc/U'~ -/k 

chernfje. If) UihYJose ~ (c..c.r:irvl1rn~)/ vJOr.v>,nJ CC,L01<>\ fY'-'li) 0( 1-U0 

4 
Cuu.....-y(A I/vtor-e \..A.JCt( vv1 I t~ 

/ 

Iv c. of-;. tV7./ A f,' y,,, -f k-e 
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ISP203A - Global Change 
Feedback Loops 

Part 3: Homework 
If you complete the group work, you may work on the homework on your own. This 
means your answers should be generally unique from other students' answers. Submit 
your homework using ANGEL. 

The following mechanisms have caused the climate to change in the past. 
1) Determine if these will cause global warming, cooling, or neither, and explain 

why. 
2) Determine whether these are examples of positive or negative feedback loops 

for the climate system. 

Aerosols 
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in 
the upper atmosphere for many months, blocking the incoming solar radiation. 

Coo/( rlj 

Rainforest 
Cutting down large portions of the forests on Earth kills living plants that remove C02 
from the atmosphere through respiration. 

Permafrost 
Melting of permafrost will release methane gas, a greenhouse gas. 

5 





----- ---- -- ----

, 
:-.// 

---------

ISP203A - Global Change 
Feedback Loops 

'?;t, 
_/"~---, 

,-, '._, 
, ~. 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 

1. P?sitive feedback.: tron~ in 0. ~ C.Q~ f.'~r ChanCJ.Ot res Hs 
In ~\.jst-er<) \'(\cr~~ OJero.lL u ...... , lJ 

2. Negative feedback: '\)ec..~ ~ Ch (\ht . 

1(\ ~ S,-\~+~. an..,..... gur()9 0(\ 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

~c.o.~ it- CG~ ~ greQ('\'0dJ~ '"i>mCQSS. -m 
S\6J..) (kwo. ~ re\eQX o~ rod, OtilS) u-:oJld :slew, 

B. Which specific step makes this a negative feedback loop? 

rvue CI~ eq\JO.!s \es.) Q.JIO.f' (a.diCltiQr). 

C. How might cloud cover produce a positive feedback? 

t'oJld cX:Cfeo& -t\'lQ. fel"f\l'UQ.-turC Of fu 
ear+\-). 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it: During times when Earth's surface is covered with more ice, more of the 
SUR'S radiation gets reflected back to space. During times of less ,ice coverage, more of 
the Sun's radiation gets absorbed by the _Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. -

, 
D. If global warming cauges the loss of glaciers and ice sheets, would this result in a 

negative or positive feedback loop? Explain your response. 

\h\,:) VCJIC 'Gft 0-- ~i'h~ h:-ed md ta::.p tecu~ 
-me ffiQ \ 1"\ r)S 0 ~ g lO(5 ef S CQ~~S ~ even-\! I I i Iu. 
-t\\ e. ctt.f<':~ or foDiOlh 0) (~q~ Dr -thQ.. sun. This 
IJ-}ill also e~~d:- oftW e~ reSOW\f)~ In Q "?$i-I-iv.. 

ferobQck.. 
3 



ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

l)eco~~ -\he 1'Y'<Jf'e o.~spher;c.. el'd.s if) 

Ce.stJW()9 wl"\h \.esS (}.+~?hQl\c. necrli0j 
Ci+ ~ erx3 O~ -thQ.. lOCf. 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

me. \~~ OJWQ\..{.I' el1ds uJ'r\-Y\ ~"«:. o..t"fY'GS9he(;c.. 
neCJ:h~<j or,::! ~ \(j((t~ t)..>"r\i\ elJe(~ lCX)p 

\"steoo ot fureo.c:k-g. 
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ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

. ..... .",,'£ 
:GROUP #: "'-CQ1 

St!;,?ent IDs of Members Present: 
f\<t'1.1 01 1'\0 
A4~O::'~ 

A3C1'81'2-100 

Make s~~e everyone in your group understands these terms before moyip9 on. 
1. Positive feedback: Ct GYllLh~t lAme <:~SrcrY\ CaM~ more, Changes­

i (I me stJHtrn SD thCL-t svme CJ1I11.fonl/lf onfVJ9tJ overall 
NCfthLr q o-od I'l(;r tJaa 

2. Negative feedback: It Gh(JJ10& in tn.e SUbiOYl cau~ fU1 cPPOSj Ie 
Chana e ~o in ClOS'et't-v«1u..i Ii t:lfllA;I)'l, N eq a.tl \,-( fttd I?tu...t:. 
rJ.J-0rt:ast5 &j~ ofcnanqu: gCfnq on it) siJS'TC.nl-covua a...tSO 

Questions c.a...u H no 
A. Why is cloud cover consider~d a I!eg.atj}'e feedback }o_op jn a "lIarming climate? c;n.an.q 

f!>( UtM Y( i n (k(,a~a U ()VL(J to \...t.. r C1NU s:e..~ We atGer-
\Ai axml n g baw tC ~ t\KJ ("("iti nq i Yl t-as ~LUI ugh. t 

B. Which specific step makes this a neg.ative feedback loop? 

wtctttrwOvvm'JYlg -[aiMing ws of m-e SCU11-G 

C. How might cloud cover produce a positive feedback? d 'I' ..P a., S (.; 

\ f Glou..c1 COvU sommow LaMS--( 0Jl \Y\V\\... 
O.f GlOu.-as. -mUlj is l1:.ucuea (~ wan \A;hPl Clovt...CiJ 
for Y\'\ &'0 f-CiVVGp qots lAf 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

positi \,.{ p..ecCW ~ ',. d 
\nCkC(l5( -tWW -"l g tltU(,(S I n/{ VVUl t"lYlg ~ Ihu--ca~ 
(JVClpora:h VYl ~ 'Inexeft,&-e ~. 
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ISP203A 5~16~al Change ( ~ "" ~ 
Feedback Loops oe.. ., 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

j 
/--'",--

( Increaseq \ , ., 
I scrub ) 
\ grqwth 

'-_._--/ 

START 

/------'''\ 
_ ( Increased , 

\ evaporation ) 

"'----_../ 

/ 
(~::"\ 
( summer ) 

~{:~--- \ clougs J 
""~--.--/ 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

r-"wt h"'l.o-I.:.J t ~~~ 5 \::t> \en 5 ec.,. i ~ ~C'~ 

\. e ",65 to '\ /lCT£..Sed of LMf -) AA0f<.. ,5~ c\r-vJ"r ,'\,-d 

&creatd (\JL'c- \c,0; ",\..J CV\ vv\-.~c~ S\c-..V'5 b-t. ~t­
\::-~~ijc., \:-~ \) ',tK('.(S\)f .br-'Ab\~ ~t-c.tc"e..r t-0 e'l v: I.. 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

}/IC'-Z \-'UA'2~ -) len )(~ ·;C{ -) 

& c.r(cs eo ~\,ea..C\ -) ';1\\r6d I\tl- c-"d\c.,l~'~ 

6' \ 
('j '''!; ') 



ISP203A - Global Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1=05\ -\j \Ie - 0. ~ -\:.Yut., cau'X:S O'lex-ell I ~ C'ranp 
- OY't. coyY\\x::nel"i" LV' ~C o'P\f.1't1 \Y'C.\1"GSeS 

(\~\je - CU\)~ 0'1"\ O\>\X)i\\'e fe0'iXJ'nSe ~ 1hJ't, it;e 'i:l'/S\e.n-. 5Oc:S 
\n:t to equ \lib\"'\ U{Y\ 

'('rove \NO \'eX \Q \Xl" 
ef\'rONed S'i"een - <--,,---- If'l Otrrl~?r.ert 
ho~ e.ffe.C~ 

elO.\X=:loticn feDm c)('("Qn~ 

'(t,f-\tGto '{'I\D((:., SU{\\B'(\t. f--­
\:Dc¥- (() 51;):] ce 

~ 

1 

~ 
'('{'Ore \()t.0 CI1::xJdS 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts CO '('00'11 c\.IOKi de Ord f't'IC:thJ.ne 
crying '(e,\Co.'3e0 \ '(lTD O"tJY1C6?rere. 

o .. ;re 

• 
(thlltO ~f('Q~ Other babies wake up te.\n~rt\'0creoses , 

'mare., CDrtDr> cl.lCJX.l c\e. ora ~~ art 
Other babies start crying 

Y'trID~ 

We will now look at a negative feedback system (Table B below.) 

Table B Negative Feedback Loop 

Babies Crying Cloud Cover 

\ '(\CYtDt\ ~ coricO\'l cii())(ice CCtuses 
Babies are crying 

i nc.rroseo \jJ)\'Tn\ rg 

Nurse feeds hungry baby wo'(m\~ CbU'3e5 ~'(Oti On 0.\'\(\ 
• 

\rueoseo (Atio0S 

Hungry baby stops crying rro'fe. ClDIXIS::. 1es3 ~j\l 

Other babies stop crying 1e.S.S v,mmlng 
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ISP203A - Global Change 
Feedback Loops 

Part 2: Group Work 

GROUP#: ;i7 
Student IDs of Members Present: 

f¥O::li01-ltl2 A tf1;T04QQQ 
A 42.010'1,(1114 MQ)L\o>"'~,-"u> 

Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: p, crony th::lt CUI..l'Je5 lY0'fe cr; tt'e 'tame dDhdB 

bC) &at. (Inc, COmoonef1t ~S \\'"lC'(C051 f¥(\ 

2. Negative feedback: Pc cro~~tlrat mllses on D9\X:fli lf- rroc:tiofl 'aLCh 
trO.t me. ~ '("'c\.l..)(re to equIlt'o,"\\.ltn 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

IAIO-,m te'Cnoelo.ture co~es lr'C(OOseo dDtJCi, rover- 'nOUJe.,\ler 
the d~ 'oIOcY- (D("I\ie'rli" O:n6- m lise les,s lm'fl'n''09 

B. Which specific step makes this a negative feedback loop? 

The, CCO\\Y'2l 'tJ1t-~ teca.O'3e -\::'nIS '(e;ru'(f'r5 it i3J a:tui\\briurn 

0:.:f'I c1, 8\Ups the- tCO? 

C. How might cloud cover produce a positive feedback? 

Ix:' cbns VeJ-C>O'3efl,cot (W'0et\ 1j.r\~ m"('m") i t:.\"et'l Wll\ \'0c.ttD'Se reo 
t'0e):'e WJD\6- IQe '(Y'C)'fe e\.K:H;>D"(otiDn, '('i'IC)te l\.D\"C'! \10 por in ~e 

OU\'lo~'\l'l'ere, 01'16 el'l'ro:rce tre grteh 10[Xy')e effect 
Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

Ul\5 re5Ult& \0 0. \Oi'!;\tiVe ~a.. LOOp 

GIDml WO\1\'lIyt) ~ \.D~ elf BIOC\e.rs Of\~ ice s'()cet;) 

1)\,e, CO'<t;n ,&-\5 
UjQ\(\'Y1tr 

S\)y -roc e ~''D o.'(;&"w iO the 

'10 cii otio I> 



ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

-'-', /--.. I 
/ '''''' I More"\ 'E-- I Decreased \ ~~C-____ 1\ summer )' 
\ net radiation /) 
" \ clouds 

........ -~/ "-' -' 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

\\'\\dO\ &o'0ije ~ \YIDrt o.'i'ii'\D3~'re,(\0 '0eatins ') W\Cl'ncC'S eqoi\i'oriul{Y) 
eno lew It', \tffi Ot'fYI0 Bj)'ne't'l c., 'necrtine 

The, 'nrotl'f1~ ona, i"Y1e,1t1 1'18\ c)(ea~ cJouci CD\Jeroge ord decreaeeS 
mci\otiD0 e,o were., ie, las 'neatlVl9 
F. Pick a positive feedback loop and explain how it moves the system away from 

equilibrium. 

'PrO'1t, 'nro"l.. \rod:) CD '{Y\CJte '(leat 
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ISP203A - Global ,Change 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 
• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 
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ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 5'¢h'h,ocM. . pi . d.-u£JI. 
crying . \~ v~ Wo-p .. ",'~~ 

" ..:. . 

Other babies wake up Lvor,",,~) ~ it ~Vl\' {ro~ t 
(J.- re,-£.u, tt:.5 .1', .. ,.£0' Lw, 0 .... Ja" Sef 

Other babies start crying 
j~ h-.,h.... )<-5 C<ov),o I', c.-r-e" j.ec( 

I,..)MA"-j 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

6~"-S 34 'S C"~s..-.. (\. ((.-e~4q .. ,,,A 
Babies are crying 

1.J,.y ~ ''J 

Nurse feeds hungry baby '-'V W A.''''J ~ £..Jttp,r'lf. ....... 

If. ,\., C!"-'U-~ GL-v J. ,",V'V-

Hungry baby stops crying i/ivrY c.. v-e.r 1014V,4,.S 
~' .. II'l I, ~ r- ef 

Other babies stop crying 
[.pl ~~ IMr 

(......r#l(""~.\..J 
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GROUP #: 2-.8 
ISP203A - Global Change 
Feedback Loops 

Student IDs of Members Present: 
A-t.f3 g ~6 ~,{611 ~I {; &7 jo'7) 

CA '-11'\ """", u. 
A 4-\%% It> 

Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: 

V 
2. Negative feedbackti' 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

L-lo<..Jol CiJv-e.r b/c,Jq W~(:V4 f fhl......, w~;) tL-.-
j (1J..." /.. ~ t~ re-:rr ,;(' -tt-... &If.....,.''SIt......rc:-. 

B. Which specific step makes this a negative feedback loop? 

C. How might cloud cover produce a positive feedback? 

:f . 9 -\' ~ c.J"" c9- s +61. uP. 

vt -I V'>-tt> s 7'-~ 
0- I e5.> S c.-Lo <.J JL Co v-e-r lfA ~ 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During limes when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

f-ee-£-Io tl-vLc be Do-. v ~Q... 
) 

foS:-kve 
(O:;:j :J'tl-&i (IS .£ (c.e. S' ~'+5 re.),.e.-cY.£-J 

t (4 C !'<-o.-J€) -f~ 6 v-Vf'q/( ~o/A, 
~JY 
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ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

START 

j 
.-.. ---

~creaSed\ 
( scrw~h) 
\~~~QW~ 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. I 

""""f;... • -1'",",,­
~~v'"-I -

II.-'<")pkv;v ~~ It.Plt. (,.rl ."V ~~ 0t0 «-- S u V">-\y,vtJ 

IPvCtf II'\; f\ d V1 ¥ vo-o! 
~ +-

~cr-~.$.e.. 

4.+/'1-..o;.p~ 
1-0 "%V"; /" Lr,"// Y!., 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 

\tv'r0 ~MvSrl-vv-~, ~'urh) W-5~' lSi fee &({JkJJ?~ .q-I~ &~~ -i-o 
j'1(.F~5.c-t:R- rcLcl~lvt\o", /-+4<15 WC--IrviVlJ fle. 

d + rt,m f ~ t?--h ~ ~ k; It) tk 'Syd-e-J.71 

~J,r «L&J 4 a <-.J~ ~rv rc ~{./ if; ~ r i v VI.-, 



. GROUP #: 1J'1 
ISP203A - Global Change 
Feedback Loops 

Student IDs of Members Present: 

~,-\ZS\"'2Y-'l R:§l1l2932 
P.4"2IP'Z-\"\ e, 

'"\ 330 Z, v-\ +-
Part 2: Group Work 
Make sure everyone in your group understands these terms before moving on. 
1. Positive feedback: 
~ (}{,{).J()'1f- I..X\ 'SO'{Y)Q.\V\\.()l) ex-e.CL-'&.<; ~ <;a.xne cJ.nD.xW 

2. Negative feedback: 
c.,V\C\.Jr\~ mCd"c \. ',. O,?,{)\)\lX 0;... ~ ()~ CJ.nO..n~S 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

'@, \o:J(. s <;;U-'A \ 'DJl{\ \;:; ccod.. Q~U >.R..) \,e.", lA:O.~VlA.v.n5 

B. Which specific step makes this a negative feedback loop? 
\Y10reA.\e.. 0(:. cAl':XAoi Ci)'{e-( 

C. How might cloud cover produce a positive feedback? 
\~DJ:; l\'1Q,i(~(X5e. \ '(V\\J"NC. c.oIl.O,lQx)1CA.-Q<X) , YV\\J~ \('cu-.'() I 

\).. So , ~\.0lA.ol' 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

"rG~\:D\lQ.. ~c\Sa:\cXL. 

\Ylci[eC\sQ... iXKL .:n.AV\\.\I\\{\1c unc,eo.~ ~V\a ,~~ 
OJ } . -J,uncXeo.l..z o..k>~a('kKd 

~ 
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.<, 
ISP203A - Global Change 
Feedback Loops 

On the diagram below, a) insert arrows to complete the feedback loops and b) label the 
feedback loops as negative and positive. MORE than one arrow may go to a single 
circle. 

/~' .. '\ 
I Increased \ 
i scrwb )' 
\ growth 

,_.--_ .. / 

1 

START_ 

~! 
Increased 1 

~:t r.diati:/ Y'-._ /---.... "\ 
..... ~ - --- ( DecreaS:Jd . 

/--- -.", 

/_ ( [)E!creased \ 

"" ~et radiation ! 

---_/ 

\ albedo 

I ~._. __ 

/----..... " 
( More \ 
l summer 1 
\ clouds .J 

' ....... __ .... / ~ 
/ 

E. Pick a negative feedback loop and explain how it brings the system closer to 
equilibrium. 

F. Pick a positive feedback loop and explain how it moves the system away from 
equilibrium. 
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ISP203A - Global Change. 
Feedback Loops 

Objectives 
Upon completion of this activity, you will be able to: 

• Identify positive and negative feedback systems 

• Describe how feedback systems impact global climate change 

Causal Principles 

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and 
change of matter on Earth. 

2. A system is in equilibrium when energy in the system is balanced. 

3. Matter moves and changes to return a system to equilibrium. 

8. Feedback loops can accelerate, decelerate, or dampen change. 

PART 1: Background Notes 

1 



ISP203A - Global Change 
Feedback Loops 

Part 1: Class Work 
The first example is a positive feedback system. 

Table A. Positive Feedback Loop 

Babies Crying Permafrost in the Arctic 

Baby is hungry and starts 51' -em hOvUC _B,o...J ~f:V.J S-G 
crying \11 <JYt'JA_S -ccI V'J o:r~nJ 

Other babies wake up 
mev-r~v;) Oi"" PeA' YYtk+VOS r 

Oll'\.cI r~\tOLRs ~rvrLA1\.Cth-0 

Other babies start crying 
9 r't()'[,oW-G 8OLS" ccvu [-6 

\I'l C\, r IY\ i 1'\ 0\ 
J 

We will now look at a negative feedback system (Table B below.) 

Table B. Negative Feedback Loop 

Babies Crying Cloud Cover 

Brt-cnhCvL-S -e... D!>cS (C\lUS-f..; 
Babies are crying 

1\'1 vy -teU'"C.01 \i~o..r /)I, ( 11.. :J 

Nurse feeds hungry baby 
y-.I ev{fV\ r V\j C ct\J j 0 -tVC\.,p () r CurT on 

lii¥l ul C/Lo () Gl cD v Gv 
Hungry baby stops crying CC\)\}S'~S \ .. c.rs V'f Q...;Y VY\J Vl.3 

Other babies stop crying relkGb .~ ("'F (/1.[0 r.vlH S(-<voL 
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GROUP~:SO 
ISP203A - Global Change 
Feedback Loops 

,mb,ers Present: 
" . . ~\. ' 

\ 

Part 2: Group Work 1~i~~~"~"t~1j;~,\~4:rlUO~~ 
Make sure everyone in your group understands these terms n"l~'nr" 
1. Positive feedback: ChCAnq-c. i rI 0- 6"'I.5tCrY' CCVJS"fS 

()'\Ctn~ iYl TY\t.. S'-'~ t'OY\ ' 

2. Negative feedback: ChCd100 fY) C\ 6V\St(.ir'l .f'V)CI.-t CCU..AJCS Th"(., 
Of{JoS j tu ChC\J1qye; 

Questions 
A. Why is cloud cover considered a negative feedback loop in a warming climate? 

InCN''e.ClMn.Gj CO"2- (CWS'-c.S V\lm~ \rfCVvm.rACj V"hrGh 
IVlGV'eQSt:5' GlDUdS iefl1M..C\ (11 lOS Q1A.,1'\.t'J Ii 0 ~t O\..I'\O! 
rY'OI,\(..iV\1j 1+ ~" vv~ wW"rnrV1(). 

B. Which specific step makes this a negative feedback Ipop? 
lOW ClOW! Cl.Jvl:,V'o..cle, rncv'LoSc:& .t-e,t-S IVl less 
3\A,Yl ( IOrvr· 

C. How might cloud cover produce a j)ositive feedback? 
C)OW/\S \/'lOWct CCWffi COO1in.<j 

Albedo: 
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to 
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than 
absorbing it. During times when Earth's surface is covered with more ice, more of the 
Sun's radiation gets reflected back to space. During times of less ice coverage, more of 
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal 
energy. This thermal energy is radiated towards the atmosphere and absorbed by 
greenhouse gases. 

D. If global warming causes the loss of glaciers and ice sheets, would this result in a 
negative or positive feedback loop? Explain your response. 

E9~ ~\t£~ 

'{YllJ't \.CP ~ (V\.Q.l~ 
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ISP203A - Global Change 
Feedbas:k Loops 

On the 'diagra~ ~i; '. ) ::< .70 
feedb ' ?,. o,w, a Insert arrows to com I circle ac~ (Slops as' negative and positive, MO~ ~~e the feedback loops and b) label the " . , an one arrow may go to a single 

START 

\:~;:=~:::::::::::::=:====~, Decre~sed ~ albedo' 

Decreased 
net radiation 

E, Pick a negative feedback 100 ' equilibrium, p and explain how it brings the system closer to 

{~S<;, ',c.e '--"t l"CN'fe-~a e.v<>~oI'Cf'O'I- {V\~ <S.v'M~ Cl0.JC\s 

~~ N..-+ <JC(.\,~o,- loss. atfV'1P-;~V'Gv7C 1Nld1'\1J 
~ ~~_ ~.>e~ lQsS ~1{\6- =--

, ~,'D~vfY\ 
F, Pick a positive feedback 100 " equilibrium, p and explain how It moves the system away from 

~vv~- VSS ~ \te 

~ruOl~~-
~~~y...v-~c 

clUv-ee8e& -0\. ~&u - \V\~ ~LO\... 
c:K(V\D&~~ ~~o--


